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This study report  for t h e  Tug Program i s  submitted by t h e  IlcDonne11 Douelas 

Astronautics Company (MDAC) t o  the Government i n  p a r t i a l  response t o  Contract 

Number BM8-29677. 

The current  r e s u l t s  of t h i s  study contract  arc reported i n  eight volumes: 

Volume 1 - Sumrmery, Program Option 1 

Volume 2 - Summary, Program Option 2 

Volume 3 - Summary, Program Option 3 
These  three summary volumes present the h ighl ights  of t h e  comprehensive da ta  

base ~ e n e r a t e d  by MDAC f o r  evaluating each of t h e  three program options.  Zacn 

volume summarizes t h e  appl icable  option configuration de f in i t i on ,  Tug :>erfom- 

ance and c a p a b i l i t i e s ,  o r b i t a l  and ground operat ions,  programmatic and cost 

considerations,  and s e n s i t i v i t y  studies.  The material contained i n  these three 

volumes is fu r the r  summarized i n  t h e  Data Dump Overview Brief ing Manu~l .  

Volume 4 - Mission Accomplishment. ( 3  Books and 1 Supplement Bound 

Together ) 

This volume contains mission accomplishment analysis for each of the t h r e e  

program Options and includes t h e  tug system performance, mission capture,  and 

fleet s i z e  analysis. 

Volume 5 - Systems ( 3  Books) 
This volume presents t h e  indepth design, ana lys i s ,  t rade  study, and s e n s i t i v i t y  

technical  data for each of t h e  configuration opt ions and each of  t h e  Tug SyStenS 

i . e . ,  s t ruc tu res ,  thermal,  avionics, and propulsion. Interface w i t h  t h e  Shu t t l e  

and Tug payloads f o r  each of t h e  three options is defined. 
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Volwne 6 - Operations ( 3  Books) 
This volume present8 the  results of o r b i t a l  and ground operations trades ar,d 

optimization s tudies  f o r  each option i n  the  form of operations descr ip t ions ,  

t i m e  l i n e s ,  support requirements (GSE, manpower, networks, e t c .  ) , and r e s u l t a n t  

COB ts . 

I Volume 7 - Safety ( 3  aooks) I 
This volume contains sa fe ty  information and data f o r  t h e  Tug Program. Spec i f ic  

s a fe ty  design c r i t e r i a  applicable t o  each option are determined and p o t e n t i a l  
sa fe ty  hazards  common t o  a l l  options are iden t i f i ed .  

Volume 8 - Programmatics and Cost ( 3  Books) 
';his volume contains summary material on Tug Program manufacture, f a c i l i t i e s ,  

vehicle  tes t ,  schedules, cos t ,  p ro jec t  management SR&T, and r i s k  assessment f o r  

each option studied. 

These volumes contain the data required f o r  the  three options which were 

se lec ted  by the  Government f o r  t h i s  p a r t  of  t h e  study and are defined as :  

A. 

B. 

C. 

Option 1 i s  a d i r e c t  development program (I.O.C.: Ijec 1973). 
emphasizes low DDT&E cos t ;  t h e  deployment requirement i s  3535 gcunr',s 

i n t o  geosynchronous orbi t ,  it does not have r e t r i e v a l  capa r , i l i t y ,  

and it is designed for a 36-hour mission. .WAC has  a l s o  prepared 

da t a  f o r  an a l t e rna t ive  t o  Option 1 which deviates  from ce r t a in  

requirements t o  achieve the lowest p rac t i cab le  DDT&E cost .  

It 

Option 2 i s  also a d i r e c t  development program (I.O.C. : 1983). 
emphasizes t o t a l  program cost  e f fec t iveness  i n  addi t ion t o  loti ETrrPLE 

cost .  

chronous o r b i t  and 3500 pounds minimum retrieval from geosynchronous 
orb1 t . 

It 

The deployment requirement is  3500 pounds minimum i n t o  geosyn- 

Option 3 is a phased development program (I.O.C.: 
I . O . C .  1983). 

progrm cost. 

1373 phased t o  

It emphasizes minimum i n i t i a l  DM'drE cost  and low t o t a l  

The i n i t i a l  Tug capabi l i ty  w i l l  deploy a m i n i m u m  of 
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i 
3500 pounds into geosynchronous orbit without retrieval capability, 

however, through phased development, it will acquire the added 

capability to retrieve 2200 pounds from geosynchronous orbit. 

impact of increasing the retrieval capability t o  3500 pounds is 
a lso  provided. 

The 
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INTRODUCTION AND SUMMARY 

The Option No. 1 Design Freeze, dated 27 August 1973, as shown i n  Volume 5 ,  
was used as t h e  basis f o r  t h i s  analyses. 

The p o t e n t i a l  hazards unique t o  t h i s  option a r e  t h e  use of hydrazine i n  t h e  

ACPS and potassium hydroxide i n  t h e  b a t t e r i e s .  

A s a e c i a l  s a fe ty  analysis of the t ug /o rb i t e r  capture and dockinq c h a r a c t e r i s t i c s  

w a s  performed and the results are shown i n  Appendix 1. 

The analyses f o r  Option 2 are shown i n  Book 2 of t h e  Safe ty  Volume and 
Option 3 in Book 3, 

vii 

- ~- ~- 

This Tug, when designed, produced, and operated under the  cons t ra in ts  of the  

c r i t e r i a  and requirements shown i n  t h i s  volume, w i l l ,  from a s a f e t y  stand- 

po in t ,  be a vehicle w e l l  within an acceptable r i s k  l e v e l  f o r  t he  Space S h u t t l e  

Pi- ogr am. 

Safety information and data f o r  Option No. 1 of t h e  Tug Program are contained 

herein.  

applicable t o  Option 1, i n  addi t ion  t o  p o t e n t i a l  hazards common t o  a l l  options. 

Most of t h e  po ten t i a l  hazards i d e n t i f i e d  are common t o  a l l  opt ions,  and should 

not a f f e c t  t he  f i n a l  s e l e c t i o n  from a s a f e t y  standpoint. 

The i n t en t  has been t o  i d e n t i 0  s p e c i f i c  s a f e t y  design c r i t e r i a  

8 
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Section 1 

LISTING OF HAZARDS 

A composite l i s t i n g  of t h e  hazards ident i f ied  through performing design, 

operat ional ,  and in te r face  hazard analyses a r e  shown by Preliminary Hazards 

Analysis and t h e  Operational Hazards Analyses which follow i n  Section 4. 

The Preliminary System Safety Program Plan, Appendix 2, provides t h e  hazard 

c l a s s i f i ca t ions  as applied t o  the  analyses. I n  addi t ion ,  i n t e r p r e t a t i o n  of 

t h e  Preliminary Hazard Analyses, Section 4 and t h e  Operational Hazard Analyses , 
Section 4 are provided so t h a t  cor rec t  information could be  assigned t o  t h e  

format categories .  

The Operational Hazard Analyses were predicated upon a hazard review check- 

list'') shown as Appendix 3 .  
t o  determine i t s  application. I n  some cases ,  a s p e c i f i c  condition may be  

l i s t e d  as a hazard; i n  others  as a cause o r  e f f e c t .  

Each hazard w a s  applied t o  t h e  subsystem reviewed 

1. Progressive Qual i ta t ive  Hazard Analyses, Will ie H a m m e r ,  AIAA Paper No. 67-935. 
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Section 2 

OPERATIONAL EVENTS 

I d e n t i f i c a t i o n  of hazards i s  intimately r e l a t e d  t o  t h e  hardware t h a t  may 

c r e a t e  o r  be a f fec ted  by a hazard. It  i s  therefore  necessary t h a t  t he  various 

subsystems be reviewed t o  determine whether a hazard w i l l  e x i s t  and the  t i m e  

t h a t  i t s  adverse e f f e c t s  m a y  be c r i t i c a l .  

The opera t iona l  events considered for  t h e  Operating Hazards Analyses covered 

t h e  f u l l  spectrum of t h e  Tug Program from Pre f l igh t  Operations through Post- 

f l i g h t  Flow and Refurbishment and addressed themselves t o  the l e v e l  deemed most 

hazardous. 

The events determined t o  be affected by the  i d e n t i f i e d  hazard are noted i n  the  

!!Planned Operation" column of t h e  Operating Hazards Analysis, Section 4 
f o r  each subsystem analyzed. 

2- 1 



Section 3 

HAZARD SEVERITY AND LIKELIHOOD OF OCCURRENCE 

The hazard severi ty  w a s  based upon the  hazard c l a s s i f i c a t i o n  def in i t ions  as 

noted i n  t h e  Preliminary System Safety Program Plan i n  Appendix 2 and is shown 

i n  t h e  t h i r d  column of the  OHA's, Section 4. 

The likelihood of occurrence of t he  iden t i f i ed  hazards requires  a quant i ta t ive  

evaluation of t he  hazard. 

hazard iden t i f i ca t ion  so tha t  p robab i l i t i e s  of occurrence o r  damage m a y  be 

aesigned. The subject of probabi l i ty  of occurrence of some of the  hazards 

iden t i f i ed  t h e  Operating Hazard Analyses (OHA) were addressed i n  t h e  Rel iabi l i ty  

s tudies  performed, 

The quant i ta t ive  analysis  depends on t h e  qua l i t a t ive  

These are included following t h e  OHA's, Section 4. 

A n  estimate of t he  l ikel ihood of  occurrence of hazards can be made by assessinp 

tohe driving f ac to r  i n  a probabi l i ty  analyaes, t h a t  is the  u n r e l i a b i l i t y  f o r  t he  

various components. This was determined during t h e  Rel iabi l i ty  Analysis and i s  

shown i n  Column 10  of t h e  Reliability Analyeis Tables shown i n  Section 4 of t h i s  

document , 

Actual p robab i l i t i e s  of occurrence of hr)zsrdous events f o r  subsystem must be 

determined through a comprehensive Faul t  Tree Analysis where these  cursory 

estimates can be combined with system complexity and operat ional  cha rac t e r i s t i c s .  

Since a detailed F e u i t  Tree analysis  could not be performed as p a r t  of t h i s  

study, only a qua l i t a t ive  assessment using t h e  terms l i k e l y ,  unl ikely,  and very 

unlikely has been performed and i s  shown i n  the  "Source" column of t h e  OHA's. 
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Section 4 
PROPOSED HAZARD CONTROL ACTIONS 

The end r e s u l t  of t h e  OHA is  t o  provide information leading t o  possible con t ro l  

act ion f o r  t h e  i d e n t i f i e d  hazard. 

planned operation w a s  i d e n t i f i e d ,  t h e  possible cont ro l  w a s  es tabl ished.  These 

a re  shown i n  t h e  last column of t h e  OHA's .  

As t h e  source / resu l t  of t he  hazard i n  i t s  

These controls  are formally transmitted t o  t h e  cognizant designer fo r  h i s  

inclusion i n  the  engineering drawings, spec i f i ca t ions ,  and procedures. 

The incorporation of these  controls and conformance t o  the  c r i t e r i a  and 

requirements i s  v e r i f i e d  by System Safe ty  Engineering through the System Hazard 

Analysis. This ana lys i s  used the various techniques ava i lab le  as deemed b e s t  

fo r  the  analysis , i . e .  , checkl is ts ,  Logic Study Approach, Logic Diagrams, 

Design Reviews , Specia l  Safety Reviews, Mathematical Analysis, Faul t  Hazard 

Analysis and Faul t  T ree  Analysis. 

The System Hazard Analysis r e su l t s  i n  e i t h e r  t h e  hazard being closed o r  being 

i d e n t i f i e d  as a residual hazard. A hazard shall b e  considered closed only i f :  

A. The hazard has been eliminated through design and design 

accanplishment v e r i f i e d ,  or  
The hazard has been reduced t o  an acceptable l e v e l  (marginal o r  less) 

and reduction has been ve r i f i ed  by t e s t ,  ana lys i s ,  or suitable 

t r a i n i n g ,  o r  

B. 

C. The hazard has been assessed and accepted by NASA by sepa ra t e  

submittal of t h e  Safety Analysis Report. 

The r e s idua l  ca tas t rophic  and c r i t i c a l  hazards t h a t  cannot be  reduced by t h e  

measures i d e n t i f i e d  w i l l  be  presented t o  program management. Design changes, 

new technology, and devices w i l l  continually be evaluated during t h e  program 

toward reduction of these  hazards. 

4-1 
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Sect ion 5 
SAFETY IMPACT 

As a r e s u l t  of system safe ty  analyses of Tug systems, the  design, production, 

and operations have been impacted by t h e  following. 

5 . 1  DESIGN 

A. Burst d i scs  and r e l i e f  valves i n  t h e  ACPS, pneumatic supply system, 

ambient helium system, and t h e  tank purge system. 
vent t o  t h e  tug  overboard vent system. 

Incorporation of r e l i e f  valves on t h e  in su la t ion  purge bags. 

Incorporation of separate shutoff valves f o r  the GHe supply t o  t h e  

purge bags t o  preclude cross  flow of leaked propel lants  through t h e  

system. 

These systems w i l l  

B. 

C .  

D. I den t i f i ed  s ing le  point failure of t h r u s t e r  chamber valve e i t h e r  by 

leakage o r  inadvertent operation. Valve design se l ec t ion  changed t o  

provide two s e r i e s  valves,  one normally closed and the o ther  capable 

of la tch ing  i n  e i t h e r  the open or closed posi t ion.  

E. I den t i f i ed  system inh ib i t  and overr ide functions.  

F. Incorporate a container f o r  each b a t t e r y  t o  r e t a i n  leaked or  spillecl. 

e l ec t ro ly t e .  

5.2 PRODUCTION 

A. Established leak r a t e  levels of GHe f o r  H2 system tests.  

B. Provided cursory analyses of refurbishment concepts t o  ensure 

i d e n t i f i c a t i o n  of hazardous functions and t o  reduce exposure t o  t h e  

hazards; i .e . ,  sa f ing  of pressurized systems p r i o r  t o  disassembly, 

monitoring f o r  tox ic  vapors, and t e s t i n g  pressurized systems a t  l eve l s  

acceptable f o r  personal exposure. 

C.  Cursory analyses of the proposed materials and the  f ab r i ca t ion  methods 

show no hazards w i t h  which MDAC i s  not already familiar. 

5 1  



5 . 3  OPERATIONS 

A. 

€3. 

C .  

D. 

E .  

F. 

Provided curscry analyses of operat ional  concepts t o  ensure 

ident i f ica t ion  of hazardous operations and sequencing those operations 

t o  reduce exposure t o  these  hazardous operations ; i .e. , pressur iza t ion  

of G H e  pressure vessels  with a 2:l design r a t i o  t o  a l e v e l  not t o  

exceed 4:1 when operat ional  personnel are exposed; r e s t r a i n t s  i n  

s torab le  propellant loading and detanking, e t c .  

Ident i f ied items f o r  crew warning and caution monitoring, hazard 

potent ia ls  at the  t i l t - t a b l e  in t e r f ace ,  and a t  the  Tug and Orbi ter  

hard points. 

Determined the  quant i ty  of GH t o  be dumped below LlOK feet on 

reentry.  

Determined tox ic i ty  leve ls  f o r  hydrazine and establ ished requirements 

fo r  monitoring a f t e r  t he  monopropellant system i s  f i l l e d .  

Assisted i n  analyzing hazards r e l a t e d  t o  abort  and post-landing 

recovery. 

Performed calculat ions t o  determine impact of f l u i d s  on t h e  o r b i t e r  

bay. These calculat ions a r e  shown i n  the  following tables. 

2 
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BAY OVERPRESSURE 

Assume 5 l b  helium or  39 l b  ni t rogen 

Gas Const R for He = 356.3 
CN2 = 55.16 

PV = WRT 
2 P = pressure r i s e  l b / T t  /144 = psi' 

3 V = Free bay volume fL3 = 6598 f t  

W = Weight i n  lb 
R = G a s  constant 

T = Temperature O R  53OoR (70°F) 

1. H e  Pressure Rise (no vent ing)  (1 b o t t l e )  

2. GNz Pressure Rise (no vent ing)  ( 4  Bottles) 

The Safety i n  Earth Orbit  Study, Vol. 11, MSC-04477, SD 72-SA-0094-2, page A-36, 

para. A . l O ,  " M a x i m u m  Tolerable Leak Rate I n t o  Shu t t l e  Cargo Bay", NAR states, 

"The maximum to le rab le  steady state leaksge rate i n t o  t h e  cargo bay, with doors 

closed, i s  of t h e  order  of 2.5 Kg/sec (5.5 l b / s e c )  for  hydrogen and 20 Kg/sec 

(45 lb / sec)  for air, oxygen, o r  nitrogen". 

The results noted in these ca lcu la t ions  are w e l l  below t h e  values  stated i n  
t h e  NAR document. 
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HYDROGEN LIMITS IN ORBITER BAY 

Approximate bey volume - 61.5 ft x .7854 (15.8)2 = 12,054 it3 
3 

7,364 it3 

Less Tug volume = 26,5 f t  x .7854 (15)2 = -4,690 rt 

Less DSCS I1 as t y p  peyi0ad=ii.6 f t ~ . 7 8 5 4 ( 9 , 2 ) ~  = -766 f t 3  

Free Volume = 6,598 ft3 

Wdrogen flanrmability l i m i t  i s  4% at  S.L. (by volume) 

3 3 :. 6,598 ft x .04 = 263.92 f t  of H2 

Hydrogen weighs -0052 lb/ft '  @ 68OF, S.L. 

c. -0052 - 263 
1.3676 l b  . . leakage of 1 . 4  l b  of GH2 creates a flammable 
atmosphere i n  the Orbiter bay. 

The lower explosive l i m i t  of H2 is 18% at S.L. (by volume) 

3 3 ;. 6,598 f t  x .18 = 1187 f t  of H2 

Hydrogen Weighs .0052 lb/ft '  8 68OF, S.L. 

.*. 1187 f t 3  x .0052 l b / f t 3  = 6.175 l b  

/. Leakage of 6.2 l b  of GH2 creates an explosive atmosphere i n  
the Orbiter bey 
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Assume: 

OXYGEN L1MI;TS IN ORBITER BAY 

1. It is desired t o  keep the O2 l e v e l  i n  the  orbiter bay at  5% by volme,  
or leso. 

2. Orbiter bey free volume i s  6598 f t  3 . 

U s e  oxygen gas weight of 0.083 l b / f t 3  @ 68OF. 

.. 6598 
.05 
329.9 it3 

0.083 lb / f t  3 x 329.9 ft3 = 27.38 l b  t o  give a 5% by volume O2 atmosphere 

i n  the orbiter ba;y. 

L 
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H2 LEAKACE 

HYDROGEN TANK 1 x s C c ~ / t t  G H e ' l )  

169 in .  d i a  

97 In. s t r a i g h t  section (assume 3 segments) 
2 x lr x D = (21r[169])/12 = 88.5 f t  = 90 f t  

(3x97)/12 = 24.25 tt = 25 f t  

TWO CIRCUMFERENCE WELDS: 

THREE LINEAR WELDS: 
MISC. WELDS AND ACCESS: 10 f t /125  f t  welds 

. . 125 x loo6 SCCS o r  1.25 x loo4 SCCS leakage through welds allowed. 

Components 
Prevalve 

F i l l  and Drain Valve 
Pressurization Valve 

Vent and Relief 
I so la t  ion 

In te r face  (Vent) 
Dump Valve 

Coupling 8 

Prevalve 

F i l l  and Drain 
Pressuri  za t  ion 

Vent and Relief 

I so la t ion  

In te r face  
Prop. U t l l .  

Dump Valve 

WTAL LEAKAGE: 

1 x SCCS GHe") 

1 

1 

4 11 x 1 0  SCCS 1 
2 

4 
1 

1 

11 

(1 1 1 x. SCCS GHe 

1 

1 

4 
7 

1 0  

1 

2 

1 

29 

1.25 x SCCS Welds 

11.00 x SCCS Components 

2.70 x SCCS Couplings 

14.95 x lO-'SCCS 

1.495 x 10-3=SCCS 
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TIME : (From NAS9-14000 - Rockwell - SSV73-41 psge 84)  
Prelaunch through P/L deployment 
Disconnect ground purge t o  open doors 34 min. 

34 min x 60 sec/min = 2040 sec 

Entry through post landing 
From reentry t o  connect ground purge (TD + 30) 

42 + 32 = 72 min. 
72 nin x 60 sec/ain = 4320 scc 

.. 1.495 x x 4.320 x lo3  = 6.46 SCC 

CONVERSION : 

VAPOR DENSITY: 

3.531 10-5 ft3/cc 
3.531 x x 6.46 5: 2.28 x fi3 

.083 lb/f t3  e 40011 

.083 lb / f t3  x 2.3 x lom4 ft3 = 1.91 x low5 lb 
1.91 x l b  leakage allowable 

If we a l l o w  1 x sccs l e e a g e :  
125 x 

11 x 

27 x low2 

163 x SCCS 

1.63 SCCS 

1.63 SCCS x 4320 sec = 7042 scc 

3.531 x lo'* x 7.042 T 24.9 x 

.249 fi3 

VRPOR DENSITY: ,083 l b / f t 3  @ 40°R 
.083 lb / f t3  x .249 f t 3  = 2.07 x loe2 lb 

.02 lb leakage 

(1) AFSC DH3-2 Space Vehic les ,  DN14E2. 
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HYDROGEN DEPLETION AND REENTRY PRESSURE CONDITIONS 

FOR THE HYDROGEN TANK 

OBJECT: 

during reent ry ,  landing, and soak. 

Maintain t h e  in t e rna l  pressure of t he  hydrogen tank a t  1651 p s i a  

Thennal conditions of t he  LH2 tank wall from SOAR II/Tug Thermal Study Fina l  

Report, A3-250-AAAA-M-15, dated 20 February 1973 w e r e  as follows: 

Temperature (OR ) 

S t a r t  reent ry  

Landing 305OF 

30 minute soak 

2.8 hour soak 

1.60~~ (warmed by G H e )  

300°R (first allowed approach) 

4 1 O O R  (GSE Hookup) 

SOLUTION METHOD: Use PV = WRT where: 

2 2 2  P is pressure i n  l b / f t  x 1 4 4  in.  / f t  = p s i a  

V ia volume i n  ft3 = 2078 ft LH2 tank 

W is weight of gas In l b  

3 

R l a  gas constant = 766.8 f o r  H2 

386.3 f o r  H e  

T is temperature i n  OR 

SOLUTION: 

during reent ry ,  landing, and soak by venting t o  atmosphere as required.  

It is intended t h a t  t h e  LH2 tank pressure be maintained a t  16+1 - p s i a  

In order  t o  preclude l iquefact ion of  air  on t h e  e x t e r i o r  of t h e  LH2 tank,  most 

of the re8idUal LH2 w i l l  be dumped t o  vacuum. It is  intended t o  bleed t h e  H2 

tank t o  3 paia.  This value i s  w e l l  above t h e  t r i p l e  point  pressure  of  1 p s i a  

and should preclude t h e  formation of H2 ic*e i n  t h e  tank, and t h e  tank will b? 

warmed t o  1 6 0 ~ ~  by t h e  addition of approximately 48 l b  of GHe. 
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The quant i ty  of H2 vapors which remain i n  t h e  tank after dumping the  3 p s i a  

is determined as follows: 

1. H2 re ta ined  

PV = WRT 

where 

P = 3 l b / i n . 2  x 1 4 4  l b / f t 2  = 

V = 2078 f t 3  

W = ?  

R = 766.8 

T = 2g0R 

then  

use: 40 l b  H2 

The addi t ion of the GHe t o  w a r m  the  tank then crea tes  t h e  following environ- 

ment within t h e  tank. 

= 16.4 ps i  = wH2'z - - (40)(766.8)(160) 
p H 2  Vx144 2 078x144 

= 9.9 + 16.4 = 26.3 ps i  'T * 'He + 'H2 

The t o t a l  gas weight is then H2 + GHe = 40 +48 = 88 l b  gas of which t h e  percent 

Iapli t i s 

40 ;gg 45. s percent H* 

48 88 = 54.5 percent GHe 
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It is  necessary t o  vent t h i s  pressure t o  15 ps i a  t o  achieve the  desired 

i n t e r n a l  pressure p r i o r  t o  reentry. 

:. p a r t i a l  preasure of He = 1 5  x ,595 = 8.2 and 

par t ied  pressure of H2 = 1 5  x .455 = 6.8 

Then 

= 39.7 l b  
I Px144xV m8. 2(144) (2078) 

I RT &P- 16.6 lb ht144xV ,6.8 144  2 8) 
'He Ft l  386.3~160 

The amount o f  gas dumped p r i o r  to reent ry  then becomes 

88 lb - 56.3 l b  = 31.7 lb with the  H2 gas equal t o  23.4 lb. 

2. 

305'F. 

atmosphere. 

Upon reent ry  and landing, t h e  temperature of t h e  tank w a l l  increases  to 

I n  order t o  maintain 1 5  p s i a ,  it w i l l  be necessary t o  vent to  t h e  

Therefore, it will be necessa ry to  vent t he  following during descent. 

56.3 l b  - 29.5 l b  - 26.8 lb with t h e  H2 gas equal t o  7.9 1b. 

A t  t h e  end of t h e  first 30 minute soak period, t h e  temperature remains f a i r l y  

stable and no addi t iona l  venting i s  ant ic ipated.  

p r i o r  t o  CSE hookup requi res  tha t  we r e t a i n  the  following: 

However, the  2.8 hour soak 
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22.0 l b  

Therefore, it will be necessary to  vent as follows: 

29.5 lb - 22.0 11) = 7.5 lb with the H2 gas equal t o  2.2 ib. 

The to ta l  H2 to be dumped into the  atmosphere af ter  reentry i s 1 0 . 1  lb or 

at .0052 lb/f't i s  equal t o  3 

1506 = 3000 ft 3 H exhausted at ambient temperature and pressure. 
.0052 2 
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HYDRAZINE 

An&drous hydrazine is a powerful reducing agent, pa r t i cu la r ly  with acids, 

oxidizers, and organic substances. After long exposure t o  air o r  shor t  su5- 

Ject lon t o  elevated temperatures, it may decompose with explosive violence. 

Hydrazine mixes with water and the  lower dlcohols i n  all proportions, but it 

is only s l i g h t l y  soluble i n  other organic solvents.  

Prolonged s torage of hydrazine at &om temperatures i n  sealed containers r e s u l t s  

In only a amall re lease of amonla. However, at high temperatures, hydrazine 

decomposes a t  a different  ra te ,  dependent on the  temperature, e.g., it first 

exhib i t s  decomposition at  320°F and decomposes at  the  rate of 1 .5  t o  2 percent 

per hour at  392OF and 600 psi. Hydrazine explodes at  491OF after a rapid rise 

of decomposition ra te .  

The flash point of hydrazine is  given as 100°F, and the  f i r e  point as 14O0F. 

The average explosion temperature i s  approximately 45OOF. 

sens i t ive  t o  impact o r  f r ic t ion.  A s  an unconfined l i qu id ,  it is  not very 

acnei t ivc t o  a s t a t i c  spark; it withstands sparks of 12.5 Joules a t  room 

temperature. 

flame. In contact with organic materials, such as wool and rags,  hydrazine 

may burn spontaneously. Metallic oxides, such as i ron ,  copper, lead, 

manganese, and molybdenum w i l l  start spontaneous combustion. 

Hydrazine i s  not 

Hydrazine vapor, when sparked at  212OF, explodes with a yellow 

The lower l i m i t  of inflammability i s  4.7 percent by volume of hydrazine 

vapor i n  air; the  upper limit is 100 percent. 

atmosphere, t h e  lower l i m t t s  are 38 percent and 37 percent,  respectively.  

I n  nitrogen and helium 
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Anhydrous hydrazine a t tacks  na tura l  rubber, cork, mild steel, and most o the r  

comon metals, but polyvinyl chlor ide,  polyisobutylene, and asbestos  are 

r e s i a t a n t  a t  ambient and high temperatures. 

r e s i a t a n t  metal. 

Inconel appears t o  be t h e  most 

The environment ant ic ipated i n  t h e  o r b i t e r  bay during reent ry  shows an ent ry  

and post landing payload bay w a l l  temperature of 200'F m a x i m u m .  The minimum 

estimated free volume i n  the bay i s  6598 it . 3 

CUculations for determining t h e  amounts of hydrazine required t o  c rea t e  an 

explosive atmosphere and one that is t o x i c a l l y  hazardous are shown below. 

1. 

explosive) l i m i t s  i n  air at 212'F of 4.7 percent by volume. 

Determine the pounds of  hydrazine t o  reach t h e  lower flammability (ox' 

3 Assumptions: Free volume of t h e  bay i s  6598 f t  . 
Entry and Post Landing Temp. = 200'F. 

Dry air at 200°F = .0545 l b / f t  . 
Pressure = 14.7 ps i .  

Gas Density Relat ive t o  Air = 1.1 

3 

Then : 

6598 fi3 
.Oh7 

46186 
26392 

310.106 rt3 

310 it x .0545 lb / f t3  x 1.1 = 3 

310 x -05995 lb = 18.58 l b  hydrazine required t o  c rea t e  explosive atmosphere. 

This i s  equivalent t o  0.29 ft 

For a nitrogen iner ted atmosphere, t he  value i s  210 l b  o r  3.3 ft  
hydrazine l i qu id .  

3 of hydrazine l iqu id .  

3 '  of 
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I 

I 

2. 

give the abnosphere a Threshold L i m i t  Value ("LV)  of 1.3 M g / M  . 
allowable exposure for  8 hr/day, 5 days/week.) 

Free volume of  bay i s  6598 f't 

Determine the  mount of hydrazine spilled/leaked i n  the orb i te r  bay t o  

3 (TLV = 

3 3 or  186.9 M Assumptions: 

e .. 

Then : 

I '  

Pressure - 14.7 psi .  

186.9 M3 x 1.3 Mg/M3 = 242.97 Mg 

242.97 Mg of hydrazine i n  t h e  bay causes the tox ic i ty  l eve l  t o  

be at  the  TLV. 

and 

.24297 gms x .03527 oz/gm = 8.57 x lo-' oz 

In the  event of leakage i n  the closed bay, the hydrazine vapors could also enter 

the payload motor nozzles i n  a reverse direction. 

zine vapors t o  t h e  ca ta lys t  and could cause decomposition of the hydrazine 

v i t h  resul t ing high temperatures. 

This would expose the  hydrn- 

R e f :  Rocket Propellant Handbook, Boris K i t  and Douglas S. Everd, 1960 
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VOLUME OF GAS IN PURGE BAGS 

Volume of gas i n  LO2 tank purge bag 

LO2 tank surface area = 390 f t  
For radiation type use 3 in.  f r e e  volume height 

2 

3 Radiation: 390 x 3/12 = 97.5 f t  

97.5 = .083 = 8.09 l b  GO2 
97.5 x .0103 = 1.0 l b  GHe 

Volume of gas i n  LH2 tank purge bag 

LH2 tank surface area = 764 f t  

For radiation type use 3 in.  free volume height. 

2 

Radiation: 764 x 3/12 = 191 f t3  

191 x .0052 = .99 l b  GH2 

191 x .0103 = 1.96 l b  G H e  

Previous calculations fo r  hydrogen l i m i t s  i n  t h e  o r b i t e r  bay show t h a t  1.4 l b  
of GH2 creates  a flammable atmosphere i n  t h e  o rb i t e r  bay. 

maximum t h a t  could be dumped by a purge bag rupture is .99 l b  which is  w e l l  

below the quantity required t o  create  a flammable atmosphere i n  the  orbiter bay. 

It appears t h a t  t he  

. 
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This pressure would 

pressure se t t i ngs .  

PRESSURE RISE FOR MONO BLOWDOWN CN3 HEAD PRESSURE 

1. 
Ng,, t a n k s  on e "no usage" basis. 

Assumptions : 

Determine the  pressure r i s e  of the  GN:, i n  t he  monopropellant blowdown 

M a x i m u m  operating pressure: 360 ps i  

Temperature a t  f i l l :  530'R (TOOF) 

Temperature a t  f u l l  heat soak: 

Burs t  d i s c  rupture at:  400 psi  

Relief valve cracks a t :  400 ps i  

CN 

6 6 0 ~ ~  (200yF) 

vents t o  the  H2 vent 2 
U s e  : 

Where : 

P is start pressure,  psi  = 360°R 1 

VIK i s  start volume = V: i s  end volume 

TI i s  5 3 O o R  

T2 i s  6 6 0 ~ ~  
P2 i s  m a x i m u m  pressure reached without r e l i e f .  

P1T2 .. P2 = - 
T, A 

= 448 psi 

cause disc  rupture  and CN, L venting t o  t h e  r e l i e f  valve 
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PRESSURE RISE FOR THE PNEUMATIC CHe SYSTEM 

1. 

tank on a "no usage" bas i s .  

Determine the  pressure rise of t h e  GIIe  i n  t h e  pneumatic system 

A s s u m D t i o n s  : 
Maximum operating pressure:  3100 p s i  

Temperature at fill: 53OoR (70°F) 
Temperature at ful.1 hea t  soak: 

B u r s t  d i s c  rupture a t :  

Relief valve cracks a t :  

GN2 vents  t o  t h e  H2 vent 

G60°R (200°F) 

3410 p s i  

3410 ps i  

Use : 

Where : 

P i s  start  pressure,  p s i  = 3100 ps i  1 

VIK is  s tar t  volume = V2K is end volume 

T1 i s  5 3 O o R  

T~ is 6 6 0 ~ ~  

P is m a x i m u m  pressure reached without re l ie f .  2 

I C  .. P2 = - 
T, 

This pressure would cause d i s c  rupture  and GI-Ie venting t o  t h e  r e l i e f  valve 

pressure s e t t i n g s .  
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PRESSURE R I S i  FOR AMBIENT HELIUM PWSSUPIIZATION SYSTEM 

1. 

tanks on a "no usage" basis. 

Assumptions: 

Detennine the  pressure rise of the  GHe i n  t h e  ambient helium pressur iza t ion  

M a x i m u m  operating pressure: 3100 p s i  

Temperature at fill: 53OoR (70'F) 
Temperature at f u l l  heat soak: 

Burst d i sc  rupture a t :  

Relief valve cracks a t :  

OHe vents t o  t h e  H2 vent 

660'~ (200°F) 

3410 p s i  

3410 psi 

Use : 

Where : 

P is start pressure,  psi = 3100 psi 

VIK is star t  volume = V t  i s  end volume 

TI i s  5 3 O o R  

T2 is 660'R 
P2 i s  maximum pressure reached without relief. 

1 

P1T2 .. P2 = - 
T, A 

This pressure would cause d isc  rupture  and GHe venting t o  t h e  re l ief  valve 

pressure settings. 
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PRESSURE RISE FOR THE TANK PURGE GHc SYSTEM 

1. Determine the pressure r i s e  of the  CHe i n  t h e  tank purRe 

tanks on a "no usage" basis. 

Assumptions: 

M a x i m u m  operating pressure:  3100 p s i  

Temperature at f i l l :  53OoR (70°F) 

Temperature at full heat soak: 

B u r s t  disc rupture a t :  

Relief valve cracks at: 

GN 

6 6 0 ~ ~  (200°F) 

3410 p s i  

3410 psi 

vents t o  t h e  H2 vent 2 
Use : 

'1 '2 

Where : 
Pl i s  start pressure, psi = 3100 p s i  

is start  volume = v~~ is end volume v1 
T1 is 53OoR 

T2 i s  6 6 0 ~ ~  
P2 is maximum pressure reached without r e l i e f .  

- P1T2 .. P2 - - 
T1 

This pressure would cause disc rupture  and CHe ventina t o  t h e  r e l i e f  valve 

presssure set t inas.  
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Battery Hazards 

One of the  ident i f ied  hazards fo r  

which could lead t o  explosive failure of t h e  hermetic meal on an individual 

cel l .  

hydrogen pressure buildup due to  c e l l  rapid charge o r  overcharge. 

second is a possible bat tery heater f a i l u r e  i n  t he  on mode. 

batteries is  cell  overprerrurization 

Two possible failure causes have been ident i f ied.  The first i s  

The 

Battery c e l l  overcharge is possible eince individual c e l l  voltage dlfferenceo 

can occur and result i n  c e l l  over voltage charging. Selecting individuel 

ba t te ry  cells made of stainless  steel with a burst pressure capabi l i ty  of 

1000 ps i ,  and coupled w i t h  expected c e l l  pressure l eve l s  of 0-100 psi  makes 

the accident poss ib i l i t y  remote. 

battery sets have caused c e l l  w a l l  bulging due t o  improper charge/discharge 

operation. Therefore, it is recommended that the bat tery be enclosed i n  an 

hemetically sealed case. As an exsmple, fo r  a 22 c e l l  ba t te ry  with battery 

cell free volume at 2.44 cu. in .  per c e l l ,  t he  sealed case volume required 

to  reduce the  t o t a l  volume battery pressure t o  500 psi  i s  as follows: 

However, ground laboratory te&ing of 

500 spi = 72000 lb/ft2 

hraue T1 = 6 0 O ~  

PV=m 

. 
. 

where : 

P =  

V -  

W =  

R =  

T =  

pressure lb/ft2 0 144,000 lb/f t2  (start) 

volume ft3 = 2.44 cu. in . /ce l l  x 22 - 53.68/1728 = .03l ft 

weight of gas l b  

gas constant = 766.8 

taaperature OR = 460° + 6 0 O ~  = 52OoF 

3 
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Then: 

WRT - 1.12 x 766.8 x 520 = .g2 ft 3 v u - -  
P 72000 

3 Therefore, the container 8hould provide an additional volume of .062 ft . 

*Alternate protection measures include battery redesign to incorporate recom- 

bination electrodes, ce l l  pressure relief, c e l l  voltage monitors, and cel l  

pressure monitors. R e v i e w  of these poss ib i l i t i e s  indicates further development 

effort is  required for all but the pressure relief valve option. 

5-22 



I .  

Section 6 
RESIDUAL HAZARDS AND RATIONALE FOR ACCEPTANCE 

Y 

The residual hazards i d e n t i f i e d t o  date axe corrosion, f i r e  explosion, 

I pressure,  and tox ic i ty .  

Corros ion 

Two f l u i d s  t o  be car r ied  aboard the  Tug a re  considered corrosive.  

hydrazine, used i n  the ACPS, and potassium hydroxide, used as t h e  e l ec t ro ly t e  

i n  t h e  ba r r i e r s .  

They are 

Rationale for  Acceptance 

Hydrazine -- The ACPS system design precludes leakage which can cause corrosion 

by providing a pressure and leakage t e s t ed  system, s e r i e s  redundant shut of f  

valves,  and a vent burst d isc  and r e l i e f  valve which vents t o  the hydrogen 

vent l i n e .  

after propellant loading and through a l l  phases of t h e  operations deemed t o  

be hazardous by t h e  presence of hydrazine. 

In  addi t ion,  monitoring f o r  hydrazine vapors w i l l  be accomplished 

Potassium Hydroxide -- Battery system leakage which can cause corrosion w i l l  be 

precluded by se l ec t ing  ba t te ry  c e l l s  which w i l l  contain the  e l ec t ro ly t e  i n  all 

modes and by providing a container around t h e  ba t t e ry  t o  r e t a i n  s p i l l e d  

e l ec t ro ly t e .  

R p l o s  ions 

Bcplosions may occur *om three sources aboard t h e  Tug; hydrogen, hydrazine, and 
preasurants.  

Rationale f o r  Acceptance 
~- 

The conditions under which explosions could result *om these materials are 

shown i n  calculat ions i n  Section 5 of t h i s  document. 

6 1  
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Fire  

Materials aboard the Tug which can be considered as f u e l  are hydrogen, hydra- 

z ine,  thermal insulation and purge bag, wiring insu la t ion ,  and bonding r e s ins .  

Hydrogen 

Hydrogen i s  t h e  prime propellant on the  cryogenic Tug. 

gas can be created by dissociat ion of t h e  ba t t e ry  e l ec t ro ly t e  during ba t te ry  

charge. 

I n  addi t ion ,  hydrogen 

Rationale f o r  Acceptance 

The design of t h e  hydrogen system w i l l  be such t h a t  leakage of H2 i n t o  the  

o r b i t e r  bay w i l l  be l imi ted  t o  a value wel l  below the  LEL f o r  t h e  volume i n  

question. 

- 

2' In  addition, t he  o r b i t e r  bay w i l l  be iner ted  with GN 

The quant i ty  of H2 generated by t h e  ba t te ry  when compared t o  t h e  quant i ty  of 

prime propellant is not a s ign i f i can t  amount, however, t h e  hazard must be 

addre 8 sed. 

The contained around t he  ba t t e ry  t o  r e t a i n  s p i l l e d  e l ec t ro ly t e  w i l l  a l s o  

provide containment f o r  generated H2. 

Thermal Insu la t ion  

The thermal insulat ion cons is t s  of Dacron ne t t ing ,  aluminized mlar sheet ing,  

and a Kapton coatedwith Teflon and aluminum purge bag. 

Material Flammability Charac te r i s t ics  

Mylar-aluminized slow t o  self-extinguishing 

Dacron slow t o  self-extinguishing 

Kapt on s e l f  extinguishing 
Teflon nonf lammsble 

Rationale for  AcceDtance 

Three things are  necessary f o r  a f i r e  t o  occur; i . e . ,  fuel, oxygen, and ign i t ion .  

As general  design c r i t e r i a ,  sources of i gn i t i on  will be eliminated by cor rec t  

design of e l e c t r i c a l  equipment. The atmosphere w i l l  be GN2 during the  launch 

phase and oxygen w i l l  be l imited t o  leakage f r o m t h e  LO2 system and t h a t  O2 i n  
air during reentry.  

62 



The flammability characteristics noted show that Kapton and Teflon should nct 
be considered as fuels. The Mylar and Dacron must be considered, and further 
study is required on these materials prior to final acceptance. 
however, require a double failure to create a fire situation. 

It would, 

Wiring Insulat ion 

Wiring insulation must be considered as a potential fuel in the fire triangle. 

Rationale for Acceptance 

Prudent selection of wiring insulation from approved materials will preclude 
this hazard. 

Boading Resins 

Bonding resins m e t  be considered as a potential fuel in the fire triangle. 

Rationale for Acceptance 
Prudent selection of resins from approved materials will preclude this hazard. 

In addition, the quantity used is limited. 

-azine 

Anhydrous hydrazine is a powerful reducing agent, particularly with acids, 
oxidizers, and organic substances. 

Jection to elevated temperatures, it may decompose with explosive violence. 
Hydrazine mixes with water and the lower alcohols in a l l  proportions, but it 

After long exposure to air or short sub- 

is only slightty. 

Prolonged etorage of hydrazine at room temperatures in sealed containers results 

in only a small release of ammonia. 

decomposes at a different rate, dependent on the temperature, e.g., it first 
exhibits decompoeition at 320'F and decomposes at the rate of 1.5 to 2 percent 
per hour at 392OF and 600 psi. Hydrazine explodes at 491OF after a rapid rise 
of decomposition rate. 

However, at high temperatures, hydrazine 



The f l a sh  point of hydrazine i s  given as 100°F, and t h e  f i r e  point a5 140°F. 

The average explosion temperature i s  approxiaately 450OF. 
sens i t i ve  t o  impact o r  f r i c t i o n .  

s ens i t i ve  t o  a s t a t i c  spark; it withstands sparks of 12.5 Joules  a t  room 

temperature, 

flame. 

may burn spontaneouely. 

and molybdenum w i l l  start  spontaneous combustion. 

Hydrazine i s  not 

As an unconfined l i q u i d ,  it i s  not very 

Hydrazine vapor, when sparked at  212OF, explodes w i t h  a yellow 

In  contact w i t h  organic mater ia l s ,  such as wool and rags, hydrazine 

Metallic oxides,  such as i ron ,  copper, l ead ,  manganese, 

The lower l i m i t  of infl-bility is  4.7 percent by volume of hydrazine vapor 

i n  air;  the  upper l i m i t  is  100 percent. 

the  lower limits are 38 percent and 37 percent ,  respect ively.  

I n  nitrogen and he l ium atmosphere, 

Rationale f o r  Acceptance 

The ACPS system design precludes leakage which can cause f i r e  by providing a 

pressure and leakage t e s t e d  system, s e r i e s  redundant shut off  valves and a 

vent burs t  d i sc  and r e l i e f  valve which vents t o  the  hydrogen vent l i n e .  

addi t ion,  monitoring fo r  hydrazine vapors w i l l  be accomplished a f t e r  propel lant  

loading and through all phases of the operations deemed t o  be hazardous by 

t he  presence of hydrazine. 

In  

Calculations which demonstrate t he  quant i ty  of hydrazine required t o  c rea te  

a hazardous atmosphere show t h a t  it wouil! requi re  18 l b  t o  be d i s t r ibu ted  i n t o  

the  b q  air  environment and 210 l b  i n t o  a GN2 environment. 

Pressure 

The res idua l  hazards r e l a t ed  t o  pressure a re :  

System Medium and Pressure Level 
Hydrogen propellant 

Oxi d i  z e r  

Pressurizat ion and Pneumatics GHe @ 3000 

Tank Purge GHe @ 3000 

ACPS GN2 @ 360 

16 ps i a  

16 p s i a  
H2 
O 2  



Rationale for  Acceptance 

All systems are protected by r e l i e f  devices s e t  t o  r e l i e v e  a t  approximately 

10 percent above maximum operating pressure. 

sham t h a t  an in s t an t  r e l ease  of t h e  s tored volumes w i l l  not overpressurize 

the o r b i t e r  bay. 

In  addi t ion,  ca lcu la t ions  have 

. 

0 

Toxicity 

The substances u t i l i z e d  by t h e  !I'q which can be considered t o  c rea te  a tox ic  
atmosphere are  : 

Material Toxicity 

Simple asphyxiant 

Simple asphyxiant 
GHe Simple asphyxiant 

GN2 

GH2 

None 
KOH (No l e v e l s  given: may cause death 

o r  indury a f t e r  very short  

Hydrazine 

Rationale f o r  Acceptance 

exposure t o  smal l  q u a n t i t i e s )  

TLV 1.3 mg/M3 

-~ 

When it i s  possible t o  have a t o x i c  atmosphere where personnel are involved, 

monitoring fo r  safe l eve l s  w i l l  be provided. 

The presence of the  simple asphyxiants must be monitored s ince t h e i r  

presence in hazardous concentrations is not readily de tec tab le  by odor o r  

re= t ion .  

!&e battery e l e c t r o l y t e ,  KOH, w i l l  be re ta ined  within the container  which 

encloses the ba t t e ry .  

i 

ThC po ten t i a l  tox ic  hazard created by hydrazine leakage i s  considered t o  be t h e  

most c r i t i c a l  of t h e  substances u t i l i z e d .  It i s  intended t o  perform the  hydra- 

zine loading i n  t h e  Storable Propellants loading area. 
complete pressure/ leak test  will be made on t h e  system. 

Pr ior  t o  loading a 



Subeequent t o  loading, it W i l l  be necessary t o  monitor t h e  system fo r  leakage 

through use of leak de tec tors  which S a q l e  t h e  surroun2ing volume for hydrazine 

vapors. 

Procedural s teps  w i l l  be included i n  a l l  operat ing procedures t o  asswe con- 

t i n u a l  monitoring during a l l  subsequent operations.  

p ro tec t ive  measures w i l l  be taken during a l l  s i t u a t i o n s  where the  Tug i s  con- 

aidered t o  be In a dynamic condi t ion,  i . e .  , t ranspor t ing ,  handling, tes t ,  l i f t i n g ,  

mating t o  t h e  payload, and mating t o  the o r b i t e r .  

Specif ic  personnel 

After i n s t a l l a t i o n  i n t o  t h e  o r b i t e r  bay, t h e  volume w i l l  be continuously 

monitored f o r  hydrazine vapors. 

The ACPS system design precludes leakage which can cause a tox ic  atmosphere 

by providing a pressure and leakage t e s t e d  system, series redundant shut off  

valves and a vent burs t  d i sc  and r e l i e f  valve which vents t o  t he  hydrogen vent 

l i n e .  

c r ea t e  a tox ic  atmosphere i n  t h e  o r b i t e r  bay show t h a t  it would requi re  

0.24 grams t o  be d i s t r ibu ted  i n t o  the  bay air environment t o  give a TLV of 

1.3 &/M3. 

Calculations which demonstrate t h e  quant i ty  of hydrazine required t o  

! 



Section 7 
SAFETY CRITERIA AND REQUIREMENTS 

I n  addition t o  the  safety c r i t e r i a  and requirements provided i n  t h e  D a t a  Pack- 

age for  t he  Tug Program (shown as Appendix 3 of t h i s  document), MDAC has 
developed addi t ional  requirements. 

t r o l s  on the OHA's i n  Section 4 of t h i s  document. 

These a re  displeyed as t h e  Possible Con- 

In order t o  accept the  ident i f ied residual  hazards and assure minimization of 
t h e  poss ib i l i ty  of creat ing a hazardous condition, t he  following ident i f ied  

safety c r i t e r i a  and requirements must be applied. 

1 -  

c 

Corrosion 
-&azine : 

A. Pefform operations in  controlled area. Ensure compatibility of 
materials and fluids.  

titanium parts .  
U s e  galvanic char t  when select ing materials. 
coatings do not react w i t h  system f lu ids .  

w i l l  not be trapped in  valves and l i nes .  
B. Provide pressure relief i n  f i l l  system. Monitor tank pressure. 

Provide pressure relief of tank at  10% above maximum operating. 
Relieve t o  closed vent system. 

Do not use t r i c h l o r  products t o  clean 
Ensure leak t e s t  solutions are correct ly  removed. 

Ensure protect ive 
Ensure cleaning f lu ids  

C. Ensure system in tegr i ty  pr ior  t o  propellant loading. Leakage not 
t o  exceed 

TBD SCCS valves 

TBD SCCS tank 

TED SCCS f i t t i n g s  
Design system t o  minimize points of po ten t ia l  leakage. 

system in t eg r i ty  a f t e r  loading. 

Ensure 
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D. Ensure procedural operations do not allow leakage. 

E. Monitor o r b i t e r  bay atmosphere. Leakage not t o  exceed 

TBD SCCS valves 

TED SCCS tank 

TBD SCCS f i t t i n g s  

Report valve posi t ions p r io r  t o  r e t r i e v a l  and moriitor when i n  

orb i te r  bay. 
Provide s e r i e s  valves whose operat ional  pos i t ion  prevents leakage. 

Leak check t h e  system p r io r  t o  making the  system w e t .  
valve posit ions.  Upon completion of operations,  sample a l l  f langes,  

e t c . ,  for leakage. 

F. 
Ensure 

G. Ensure no inadvertent operational s igna ls  a r e  sent  t o  system. Ensure 

no inadvertent signals/operations will ac t iva t e  system. 

H. Ensure launch loads do not allow leakage through valves. Ensure 

latching methods w i l l  wi thstand launch loads.  

Potassium Hydroxide 

Select  ba t t e ry  c e l l s  t o  contain e l ec t ro ly t e  i n  a l l  modes. 

t o  r e t a i n  sp i l l ed  e l ec t ro ly t e  and be corrosion r e s i s t a n t .  

Provide container 

Explosions 

Hydrogen 

A. Ensure provisions a re  made t o  deact ivate  systems which can provide 

an ign i t ion  source on crash impact. 

Provide pressure r e l i e f  design t o  preclude trapped cryogenics. 

Provide insu la t ion  t o  preclude heat r i s e  e f f ec t .  

Ensure vent t o  TF3D p s i  does not allow re ten t ion  of cryogenics as 

so l id s .  

B. 
C. 

D. 

E. Provide r e l i e f  valve override.  
F. 

G. 

H. 

Leak check system p r i o r  t o  f i l l i n g .  

I n e r t  Orbiter bay p r i o r  t o  f i l l i n g .  

Double seal or weld a l l  connections. Leakage not t o  exceed 

TBD SCCS plumbing 

TBD SCCS tank 

TBD SCCS f i t t i n g s  

. 

7-2 



, 

I. 
J. 
IC. 
L. 
M. 
B. 

0. 

P. 
8. 

R. 
6 .  

T. 

Hydrazine 
A. 

B. 
C. 

D. 

E. 
F. 

G. 

H. 
I. 
J. 

Design t o  preclude low thermal effects .  
Design t o  eliminate all sources of ignit ion.  
Ensure all confined areas axe purged. 
Leak check system a f t e r  chilldown. 

Design system t o  minimize points of potent ia l  leekage. 

Locate e l ec t r i ca l  wiring or other potent ia l  igni t ion sources so 
t ha t  no contact can be made w i t h  t h e  leaklng f luid.  

S t a r t  reentry w i t h  TBD pounds GHe i n  tank. 

Provide suff ic ient  GHe t o  es tabl ish GH2 volume a t  TBD percent. 

Provide purge t o  maintain iner t  atmosphere and clear  gaseous 

H2 from center s h e l l  section. 
Provide porting and purging system t o  ensure complete purge. 

Provide detectors t o  signal H2 presence. 

After r e t r i eva l  t o  orbiter bay, dump LH2 remaining t o  space and 

vent tank t o  TBD psi .  
warm. Vent t o  TED psia max. Close vent and f i l l  with GHe. Blow- 
down and r e f i l l  w i t h  GHe t o  TBD psia.  

Close dump and vent system and allow tank t o  

Use a 4 : l  safety factor for  plumbing 
Maintain ambient temperature below 110'F. 
Ensure provisions are made t o  deactivate systems which can provide 
an ieplition source on crash impact. 

Vent t o  H2 vent l i ne .  
Provide pressure re l ie f  at 10% above maximum pressure. 

Leakage not t o  exceed 
TBD SCCS valves 

TBD SCCS tank 
TBD SCCS f i t t i ngs  

Purge orb i te r  bay w i t h  GN2 prior  t o  launch. 

Monitor orbi ter  bay atmosphere. 
Monitor valve positions and report  t o  crew. 

Provide ser ies  valves whose operational posit ion prevents leakage. 
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Fi re  

Hydrogen 

A.  

B. 
C.  

D. 

E. 

F. 

G. 

H. 

I. 

J 

K. 

L. 
M. 

N. 
0. 

P. 

Q. 

R. 

Leak check system p r i o r  t o  f i l l i n g .  

I n e r t  Orbiter bay p r i o r  t o  f i l l i n g .  

Double seal or  weld a l l  connections. 

Leakage not t o  exceed 

TBD SCCS plumbing 

TBD SCCS tank 

TBD SCCS f i t t i n g s  

Design t o  eliminate all sources of ign i t ion .  

Consider f r i c t i o n  sparks,  impact sparks ,  e l e c t r i c a l  sparks ,  and 

hot objects.  

Purge bay and assure all confined areas are also purged. 

Leak check system after chilldown. 

Design system t o  minimize points  of po ten t i a l  leakage. 

Provide pressure relief and bleed t o  al low for  cryogenic 
expansion. 

Locate e l e c t r i c a l  wiring or  other  po ten t i a l  i gn i t i on  sources so t h a t  

no contact can be made with the  leaking f l u i d .  

Provide gas de tec tors  t o  s igna l  hazardous conditions.  

Insure e lec t ronic  equipment i s  vapor t i g h t  t o  preclude en t ry  

of LH or vapors. 

Purge center s h e l l  sect ion.  

Vent H2 t o  TBD p s i  and purge w i t h  GHe,  vent t o  TBD p s i  and 

pressurize t o  TBD p s i  with GHe p r i o r  t o  reentry.  

Provide GHZ dispos i t ion  by a burner system on t h e  ground. 

Provide mechanical i n t e r rup t  f o r  main propulsion ign i t ion  system 

when installed i n  o r b i t e r .  

Desigrr i gn i t i on  system t o  requi re  pos i t ion  crew ac t ion  f o r  
act ivat ion.  

2 

Thermal Insulation 

A. 

B. Ensure insu la t ion  i s  a nonabsorbent material and cannot r e a c t  
Provide thermal pro tec t ion  pads a t  ACPS rocket plumes. 

chemically with t h e  L,H2. 
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i .  

. 

C. Ensure bag material w i l l  not rupture when exposed t o  cryogenic 

D. 

E. 

Hydrazine 

A. 

B. 
C. 

D. 

E. 

F. 
G. 

H. 
I. 

J. 
K. 
L. 

M. 
B. 
0. 

Pressure 

l iquids.  

Provide purge t o  create ine r t  atmosphere and maintain thermal 
requirements. 

Select materials which w i l l  not support combustion. 

Provide soft protective caps over th rus te r  nozzles t o  preclude 

back flow. 

Provide e l e c t r i c a l  interlocks t o  prevent inadvertent activation. 
Provide series isolation and thrus te r  shutoff valves. 
Ensure system integri ty  pr ior  t o  propellant loading. 
Leekage not t o  exceed 

Caps t o  blowoff when thruster8 operated. 

TBD SCCS valves 

TBD SCCS tank 

TBD SCCS f i t t i ngs  
Design t o  eliminate sources of ignit ion.  

Design system t o  minimize points of po ten t ia l  leakage. 
Ensure correct f i r e  protection equipment i s  available. 

Ensure fuel  containment and drainage are adequate. 
Ensure system integri ty  after loading. 

Ensure procedural operations do not create  hazardous conditions. 
Ensure correct valve positioning pr ior  t o  creating a "wet" system. 

Purge Orbiter bay with GN2 pr ior  t o  launch. 

Monitor orb i te r  bay atmosphere. 

Monitor valve positions. 

All Systems 
A. 

B. 
C. Ensure procedures preclude overpressure. Provide burst disc  and/or 

relief device at 10 percent above maximum operating re l ieve  t o  

closed vent system. 

Use a 4 : l  safety factor on plumbing. 

Provide overpressure protection and controls on GSE. 
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D. 

E. 
F. 
G, 

H .  

I. 
J. 
K. 
L. 

M. 
N. 

0. 

P. 

Toxi c it y 

Control thermal conditions of hydrazine tank t o  llO°F m a x i m u m  

under all conditions. 

Monitor tank pressures. 

Pressure t e s t  a t  no grea te r  than 1/4 maximum operating pressure.  

Provide pressure r e l i e f  devices. 

Design w i t h  adequate sa fe ty  f ac to r .  

Apply f rac ture  con t ro l  program. 

Provide procedural cont ro ls .  

Provide redundant pressure r e l i e f  devices. 

Monitor t a n k ;  pressures and provide vent and r e l i e f  override. S ize  

vents for  maximum loading rate. 

Provide f l e x i b i l i t y  i n  plumbing support. 

Se lec t  valve operating t i m e s  t o  preclude high surges. 

Provide pressure l imi t ing  devices i n  pressur iza t ion  system. 

Provide vent and r e l i e f  override. 

Hydrazine 

A. Provide pro tec t ive  clothing.  1 

B. Monitor a rea  f o r  leakage. 

C. Understand vapor dispersion c h a r a c t e r i s t i c s  f o r  area. 

D. Ensure emergency equipment i s  sa t i s f ac to ry .  

E. Ensure emer,c;ency procedures are ava i lab le .  

F. Design t o  contain PTU propellant p lus  10 percent ,  dike area. 

G. Provide scrubber f o r  vent system. 

H. Ensure system is  not ac t iva ted .  

I. 

J .  

K. Ensure procedures cover a l l  sa fe ty  aspects .  

Ensure dra in  and f lu sh  of components. 

T e s t  components fo r  r e s idua l s  p r i o r  t o  removing p ro tec t ive  clothing.  

System Safety - Tug 

I n h i b i t  Functions 

A .  Main engine ign i t i on  

B. Main engine prevalves 

C. Main tanks pressur iza t ion  system 
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D. 
E. 
F. 
G. 

H. 
I. 
J. 
K. 
L. 

Main engine pneumatic vslves  

Main tank iEolation valve8 

ACPS valves and pressurization 

Thermal conditioning - engine recirc 

Thermal conditioning - engine id le  mode 

Active thermal conditioning - engine 

TVC system 

GIVC lasers 
Fuel c e l l  pressurization system 

Override Functions 

A. Main tanks vent and relief valves 

B.  Overbourd dump 
C .  Thermal control purge system 

D. Primary battery circuit 

E. Emergency battery circuit 

, --  
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Section 8 
EXCEPTIONS/DEVIATIONS 

A t  t he  present time, the only iden t i f i ed  exceptions/deviations from governmer-t 

furnished sa fe ty  c r i t e r i a  and requirements i s  i n  the  area of  quantity-distance 

requirements f o r  propellants on the  Tug while i n  t h e  o r b i t e r  bay. 

sidered t h a t  t h i s  is inherent w i t h  the  system and i s  therefore  acceptable 

based upon t h e  rationale f o r  acceptance as noted i n  Section 6 of t h i s  document. 

It is  con- 
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I TUG/OWITER CAPTURF: AiiU DOCKING SAFETY ANALYSIS 

%'here are a number of associated events i n  the  various phases of Tuf: r e t r i e v a l  

includinf: the  acquisit ion,  capture,  and subsequent stowage of t h e  Tug i n  t h e  

Orbiter bay. 

actions.  

passive,  cooperative ta rge t .  The r e l a t i v e  separat ion of t he  two i s  closed t o  

30 feet  f o r  t h i s  operation. 

then IrouEht up t o  the  Tug pickup f i t t i n g .  

c lose station-kcepinq with t h i s  f i t t i n g  by keeping t h e  SAMs grappler within 

a foot of t h e  Tug f i t t i n g .  The ve loc i ty  e r r o r  of  t he  SAMs, grappler  t o  

the Tug 
about any axis, 

within these  distance and motion l i m i t s - a  s o f t  capture. 

Pne Tug and Orbiter i n i t i d l y  perform readiness and gross loca t ion  

Thereafter,  t h e  Orbiter i s  the  ac t ive  eleinent and t h e  Tug i s  t h e  

The Shut t le  Attached Manipulator System (SAMs) i s  

The Orbiter maintains a very 

w i l l  not exceed 0.1 foot per second and 0.1 degree per second 

'ihutj, t h e  SAMs i s  only required t o  complete i t s  capture  

After capture ,  it i s  necessary t o  pos i t ion  t h e  Tug so t h a t  it may be remated 

with t h e  tilt table.  Upon remating, t he  na te / la tch  function i s  accomplished 

t o  f i x  t h e  Tug t o  t h e  tilt t ab le  and make all t h e  disconnects required,  

The Tug i s  rotated in to  the  Orbiter bay and addi t iona l  vent and e l e c t r i c a l  

umbilicals are connected. 

w i t h  subsequent sa f ing  of t he  'lug subsystems. 

Vent and dump of Tug f l u i d s  i s  then accomplished 

A sample t i m e  l i ne  with events of s a fe ty  s ign i f icance  i s  added t o  provide 

information as to  the  c r i t i c a l  nature  of t he  capture events. 
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1. Deactive/Safe Main Tug Propulsion 
and 

2. Veri* Completion of Main Tug Propulsion Safing 

This is considered a c r i t i c a l  event s ince failure t o  completely deac t iva te  

t h e  Tug main propulsion could r e s u l t  i n  unprogramned motion i n  the  v i c i n i t y  

of t h e  Orbiter. This could occur e i t h e r  as a r e s u l t  of inadvertent 

ac t iva t ion  of t h e  system or through propulsive venting of f luids  through 

t h e  engine. 

I n  addi t ion,  t he  f a i l u r e  t o  completely deac t iva te  the  system could result 

i n  subsequent leakage of gases i n  t h e  Orbiter bay. 

3. 
and 

4. 

Maneuver Tug t o  Preferred Docking Att i tude 

Visually Inepect Tug f o r  Docking Readiness 

The prefer red  docking a t t i t u d e  cont ro ls  rate of ro t a t ion  in addi t ion t o  

o ther  a t t i t udes .  

desired t o  preclude d i f f i c u l t i e s  on o r b i t e r  approach and capture.  

It is necessary t h a t  these be within t h e  conditions 

These maneuvers should be performed at  TBD miles from the  o r b i t e r  t o  

preclude impinflement of ACPS exhaust on t h e  Orbiter. I n  addi t ion,  at  

t h i s  distance any unprogrammed motions would not a f f e c t  t h e  Orbiter. 

5 .  I n h i b i t   TU(^; ACPS 

This is considered a c r i t i c a l  event s ince  fa i lure  t o  completely.deactivatc 

the Tug ACPS could result i n  unprogrammed motion i n  the  v i c i n i t y  of t h e  

Orbiter. This could occur e i t h e r  as a r e s u l t  of inadvertent  

ac t iva t ion  of t h e  system or from leakage crea t ing  propulsive forces near 

the Orbiter. 

I n  addi t ion,  t h e  failure t o  completely deac t iva te  t h e  system could r e s u l t  

i n  subsequent leakage of gases i n  t h e  Orbiter bay. 

6. Verify All Tug Sys tem Safe f o r  Docking 

I f  we are unable t o  ve r i fy  the  s a f e t y  of a l l  Tug subsystems then t h e  

docking operation should be perforaed under emergency/special procedures. 



I t  w i l l  be necessary t o  determine t h e  pa r t i cu la r  system t h a t  is not 

ind ica t ing  safe, the condition of t h e  sa f ine  s igna l ,  and e s t ab l i sh  

t h e  ra t iona le  of acceptance o r  r e j ec t ion  of t he  indicat ion based upon 

pre-planned operat ional  procedures. 

7. Maneuver Orbiter t o  F ina l  Docking S ta t ion  

One of t h e  c r i t i c a l  events associated with capture and. docking i s  t h e  

approach o f t h e  Orbiter t o  t h e  Tug. I n  order  t o  maintain t h e  Tug i n  

a s table  posit ion it i s  important t o  assure t h a t  t h e  OMS exhausts do 

not  impinge on the Tug i n  such a manner as t o  cause u n p r o c r m e d  

movement of t h e  Tug. I n  addi t ion ,  t h e  exhaust plume should not deposi t  

contaminants on t h e  Tug t h a t  could eventually contaminate t h e  o r b i t e r  

bay o r  degrade the  Tug systems for  fu tu re  operations.  

This maneuver should result  i n  t h e  Orbi te r  being a t  approximately 30 

feet from the T u g  and with i t s  dynamics matching the  Tup; dynamics 

within the  l i m i t s  es tabl ished.  

8. S ta t ion  Keep Orbi ter  and Attach Manipulator t o  Tuf: , 

The re la t ionship  of t h e  Tug and O r b i t e r  as e s t ab l i shed  i n  t h e  previous 

note should be continued u n t i l  t h e  manipulator may be extended and 

s a f e l y  attached t o  the  Tug. 

be such t h a t  through normal operation o r  inadvertent  rap id  operat ion,  

no unprogrammed motion be imparted t o  t h e  Tug. 

The operation of t h e  manipulator should 

I n  addi t ion,  t h e  manipulator should impart no damage t o  Tug s t r u c t u r e  

by improper or  inadvertent operations.  A l l  human errors must be 

considered i n  t h i s  c r i t i c a l  event. 

9. VeriQ Physical Attachment I n t e g r i t y  

Since t h e  s ingle  manipulator arm i s  a s i n g l e  point  f a i l u r e  a t  t h e  Tug/ 

Manipulator in fer face  it i s  important t h a t  t h e  attachment i n t e g r i t y  i s  

v e r i f i e d  pr ior  t o  moving t h e  Tug t o  the  c lose  v i c i n i t y  of  t h e  Orbi ter .  

I t  is recommended t h a t  i n  addi t ion t o  an ind ica tor  showing a s a t i s f a c t o r y  

attachment tha t  a physical  a t t a c h  ,.iechanism be provided t o  assure  cor rec t  

mating of the manipulator 8.m and Ghe Tug. 

. 



. 
10. Posi t ion Tug TBD Feet From T i l t  Table 

Upon affirmation of a posit ive capture by t h e  manipulator, t h e  Tug should 

be posit ioned TBD feet from t h e  tilt table. 

Since the  manipulator operator cannot see the  tilt tcible/Tug r e l a t ionsh ip  

from h i s  posi t ion two gimballed TV cameras and associated l i gh t ing  w i l l  

be mounted on the  tilt table.  

i l luminated, should be s t r a t eg ica l ly  located on the  Tug base t o  a id  i n  

alignment of t h e  Tug t o  the tilt Table. 

I n  addi t ion,  two bullseye tagets, w e l l  

11. Hemate Tug with T i l t  Table 

Ut i l iz ing  t h e  provided TV and bulls-eyes, the  manipulator operator should 

slowly move t h e  Tug toward the  tilt t ab le ,  assuring alignment and para l le l i sm 

through the  use of the b u l l s  eyes. 

The Tug should be guided t o  t h e  point  of engagment with t h e  physical guides 

of t h e  tilt table .  

12. 

and 
13. Verify Attachment 

I4ate/Latch Tug t o  Base Ring 

Continuing the  guidance established i n  the  rematin:: operation, t h e  operator 

moves the  Tug t o  the  posit ion where the  la tches  can be operated. 

should assure a complete l a t ch  and capture w i t h  umbilicals f irmly attached. 

T h i s  

I t  i s  important that t h e  attmhment be ve r i f i ed  t o  preclude a Tug breaking 

loose  and causing physical danage i n  the  Orbiter bay. 

1 4 .  Connect E l e c t r i c a l  Umbilicals 

and 

15.  Verify E l e c t r i c a l  Umbilicals 

E l e c t r i c a l  power is required t o  assure t h e  saf ing  of various c r i t i c a l  

c i r c u i t s  such as the  main propulsion system and the ACPS. 
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16. 
and 

17. Connect Vent  Lines 

Rotate Tug t o  C a r g o  Bay 

Durin(: t h e  rotat ion of t he  Tug i n t o  the cargo bay it  i s  necessar j  that, 

s t r i c t  control be maintained over t h e  rate of ro ta t ion .  Any failurc- i n  

the ro ta t ion  systen could cause Tug ilnmaqc which could subsequently hzrn 

the Orbiter .  

I t  i s  a lso required t h a t  a l l  umbilicals be f i rmly ‘and securely nated as 

a r e su l t  o f t h i s  operation. 

l f j .  Safe Tug for Return t o  Earth 

This i s  the  most c r i t i c a l  event of  t he  Tug acquis i t ion ,  capture,  and 

stowage operations i n  t h a t  i f  t h i s  event cannot be v e r i f i e d  then it 

m y  be  necessary %o re-accomplish some of  the  operations.  

A l l  systems nus t  be  v e r i f i e d  f o r  s a fe ty  p r i o r  t o  any fu r the r  operations.  

I n  the event t h a t  any event occurs t h a t  i s  unplanned, tne crew must have 

cociplete manual overr ide of  611 functions arid ava i l ab le  pre-planned 

procedures to  cover t h e  unplanned events. If t h e  sa fe ty  of t h e  ‘rug 

cannot be ver i f ied  i n  these  checks, t h e  Orbiter must be capable of 

deposi t ing the T ~ c :  i n  space and returning t o  Zarth without t he  Tug. 

. 
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June 7, 1973 
Draft copy 

McDONNELL DOUGLAS ASTRONAUTICS COMPANY-WEST 

SYSTSM SAFF3Y PROGRAM PLAN (PRELIMINARY) 

1.0 SCOPE & OBJECTIVE 

1.1 scope 

This preliminary p l a n  defines the activities to be conducted by MDAC-W in 

implementing a System Safety Program for the Space !Pug. 

1.2 ObJcctive 

The objective of this plan is to outline the methods to be utilized in deve- 

loping safety design characteristics during the Phase A portion of the Space 

Tug Program. 

2.0 DEFINITIONS 

2.1 Hazard Classification 

Identified hazards are evaluated and classified as follows: 

2.1.1 Safety Catastrophic - Condition( s) such that environment, personnel 
error, design characteristics, procedural deficiencies, or subsystem m a l -  

function will cause system or personnel loss. 

2.1.2 Safety Critical - Condition(s) such that environment, personnel error,  

design characteristics, procedural deficiencies, or subsystem malfunction can 

be counteracted by urgent crew action (no time available for ground/rlight 

crew analysis) to prevent system or personnel loss. 

2.1.3 Safety Marginal - Condition(s) such that environment, personnel error, 
design charecteristics, procedural deficiencies, or subsystems malflmction can 

be counteracted or controlled with time available for ground/flight crew 

analysis to prevent system and/or personnel loss. 

2.1.4 

characteristics, procedural deficiencies, or subsystem failure will not result 

in system or personnel loss. 

Safety Negligible - Condition( 8 )  such that personnel error, design 

' __ 
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2.2 Hazard Reduction Precedence Sequence 

To el iminate  o r  control  hazards, t h e  following sequence o r  combination of i5ems 

s h a l l  be used M a min imum:  

2.2.1 Design f o r  Minimum Hazard. 

s h a l l  be t o  ensure inherent safety through t h e  se l ec t ion  of appropriate  design 

fea tures  M fa i l  opera t iona l / fa i l  safe combinations and appropriate s a f e t y  

fac tors .  

containment and i s o l a t i o n  of  po ten t ia l  hazards s h a l l  be included i n  design 

conriderations.  

2.2.2 Safety Devices. Known hazards which cannot be eliminated through 

design se l ec t ion  sha l l  be reduced t o  an acceptable level through t h e  use of 

appropriate s a fe ty  devices as par t  of t he  system, subsystem, or equipment. 

2.2.3 Warning Devices. 

o r  occurrence of a known hazard, devices s h a l l  be employed f o r  the t imely 

de tec t ion  of the  condition and the generation of an adequate warning signal. 

Warning s igndls  and t h e i r  application shall be designed t o  minimize t h e  pro- 

b a b i l i t y  of wrong s i g n a l s  o r  of improper personnel react ion t o  the  signal. 

2.2.4 Special  Procedures. 

of an ex i s t ing  o r  po ten t i a l  hazard through design, or t he  use of  s a fe ty  and 

The major goal throughout t h e  design phase 

Hazards s h a l l  be eliminated by design where possible.  Damage  con t ro l ,  

Where it is not possible  t o  preclude t h e  exis tence 

Where it i s  not possible  $0 reduce the  magnitude 

warning  device^, spec ia l  procedures s h a l l  be developed t o  counter hazardous 

conditions f o r  enhancement of ground and f l i g h t  crew safe ty .  Precautionary 

notat ions s h a l l  be standardized. 

3.0 SYSTEM SAFETY TASKS 

3.1 Safety Analysis 

The i d e n t i f i c a t i o n  of hazards is accomplished by applying t h e  s a f e t y  c r i t e r i a  

t o  t h e  system concepts/design and t o  t h e  operation concepts/plans. 
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The appl ica t ion  of t h e  sa fe ty  c r i t e r i a  r e s u l t s  In t h e  cause and e f f e c t  d i s -  

played as a hazard anal.ysis. 

event ,  energy aource, system/subsystem function/event,  and t h e  opera t iona l  

flow of t h e  system. 

The hazard ana lys i s  is  guided by t h e  undesired 

As t h e  hazards are i d e n t i f i e d ,  t h e  proposed so lu t ions  are reevaluated aga ins t  

t h e  system and operations t o  assure t h a t  t he  impact of the  so lu t ion  w i l l  not 

provide an undesired e f f e c t  upon the system. 

The techniques applied a t  t h i s  phase of the  program are t h e  Preliminary Hazard 

Analysis and t h e  Operational Hazards Analysis. These analyses are performed 

t o  show gross  hazards i n  all program events f o r  equipment and operat ions.  

ana lys i s  for equipment is  shown as the  Preliminary Hazard Analysis and covers 

hardware r e l a t e d  hazards while  t h e  ana lys i s  of operat ions i s  shown as Operational 

Hazards Analysis and covers func t iona l ly  related hazards. 

The 

The purposes of these analyses are t o  develop a complete understanding of t h e  

system and i d e n t i e  areas where cont ro l  of t h e  hazard can be accomplished by 

prudent design or funct ional  cont ro ls .  The process is i t e r a t i v e  i n  nature  and 

r e s u l t s  I n  improved system design. 

The analyses co=-ers each of t h e  following ' a c t i v i t i e s :  

1. Pre-fl ight Operations 

2. Fl igh t  Operations 

3. Post-fl ight Operations 

4. Refurbishment and Maintenance Operations 



I .  
I .  

. 

The f o l l w i n g  poten t ia l  hazards w i l l  be cone:.dercd 

1 dent i f i ed . 
each of the  a c t i v i t i t n  

1. 

2. 

3. 

4. 

5 .  

6 .  

7. 

0. 

9. 

10. 

11. 

12. 

13 

'1.14 ,, 

15. 

16. 

17 

10. 

19. 

20. 

21. 

Acceleration 

Contadnation 

Corrosion 

Disaociation, chemical 

E lec t r i ca l  

Explosion 

Fire 

Heat b Temperature 

Leakage 

Moisture 

Oxidation 

P r e s s ' r e  

Radiatior: 

Replacement, chemical 

Shock 

Stress Concentrations 

S t ress  Reversals 

S t ruc tura l  Damage o r  f a i lu re  

Toxicity 

Vibration and Noise 

Weather and Environment 

3.1.1 Preliminary Hazard Analysis (PHA) 

A PHA wi l l  be conducted ns t he  i n i t i a l  system safe ty  analysis  task.  This 

analysis w i l l  be a general qual i ta t ive  study of t h e  subsystem i n  i t s  operating 

environment t o  detect  and define po ten t i a l  hazards. This analysis  w i l l  i d e n t i e  



A2-6 



1 .  

features which can impair mission capability through accidental damage or 

loss and aid in developing steps which can be taken to ensure that these 

features are avoided. The PHA will be completed in the format shown in 

Figure 5-1. 

In order that correct assignment of information to the format categories can 

be accomplished, it is necessary to interpret and define the column headings. 

The PHA format is explained as follows. The numbers are referenced to the 

encircled numbers in Figure 1. 

1. Subsystem--This column carries the noun title of the subsystem 

being investigated. 

2. Hazardous Material/Operation/Condition--This column carries informa- 

tion as to whether the material is toxic, radioactive, corrosive, etc.; 

whether the operation may cause a hazardous condition to exist; or 

whether the conditions of pressure, temperature, voltages, etc. , are 
present. 

3. Possible Incident--This column identifies the incident which is 

associated with the related hazardous condition. 

4. Worst Probable Consequence--This column provides an estimate of the 

consequences to the system caused by the incident. 

5 .  Hazard Cateaory--This column identifies the level of the hazard as 

defined in Subsection. 

3.1.2 The operational hazards format is shown on Figure 2. 

1. Planned Operation - This column carries the subsystem name and the 
specific operational event being investigated. 
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2. 

3. 

4. 

5 .  

3.1.3 

Hazerrd - The hazard column indica tes  t h e  hazards iden t i f i ed  as 

applicable t o  t h e  planned operation. 

Hazard Class i f ica t ion  - The hazards are c l a s s i f i e d  8s sa fe ty  ca tas t ro-  

phic ,  s s f e ty  c r i t i c a l ,  o r  sa fe ty  marginal. 

Source - The source column contains t he  iden t i f i ca t ion  of t h e  source 

of  t h e  hazardous material/operation/condition under inves t iga t ion .  

Possible  Control - This column indica tes  t h e  act ion/control  t o  be 

taken t o  eliminate the hazard, o r  reduce the  r i s k  t o  an acceptsble 

level. 

Hazards Analysis Action 

A l l  analyses developed are coordinated wi th  t h e  appropriate design o r  Operations 

group f o r  their  concurrence. 

cont ro l  the hszsrds i d e n t i f i e d  through appl icat ion t o  t h e  design by the  respon- 

sible engineering group. 

deaigner l e v e l ,  the hazard data w i l l  be submitted t o  t h e  management level f o r  

reaolut ion.  

The Information devdloped will be u t i l i z e d  t o  

If adequate reso lu t ion  cannot be accomplished at  the  

c 
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HAURD REVIN -pcccarsr 

POSSIBLE CAUSE 

ACCCLCRAT1011: 

Any uass which undergoes a ch.n&e Vehicle, body. or fluid beins set 
in vmlocity. into Imtion. being stopped.*r 

changing speed. 
Any body being dropped. 
Inpact by or against another body. 
Friction or resistance to body nutton. 
Applied force against an unrestrained 
body. 

rOSSIILE t r n C l S  

Seatin8 or unseating of sprinc loaded 

Loss of fluid pressure head (cavitation). 
Pressure surges in fluid eystems. 
Over load 1 n s  of s t rlic t ura 1 members . 
Sloshing and entrapment of liquids. 
Deflection of flexible or shock isolated 

Deflectlon of piping. 
Propellant vent turbulence. 
Injury to personnel. 

valves, e lcctrical contacts. 

parts. 

Any system or equipment: Open Poor quality control. 
to entry of dirt, dust, or Po 1-r iza t ion . 
other contaminants. Mcrobial growth. 
In presence of contaminants. 
In which contaminants can be t a d  nant 8 .  

Inadequate protection from con- 

formed. Filtration system overload or 
failure. 

Solvent residues. 
Inadequate solvent for cleaning. 
Tropical anvironment . 
Salt environnrnt. 
Oxide scale. 
b t a l  particlea. 
Airborne dirt. 
Silica sand. 
Lapping coapound. 
Process residues. 
Organic fibers. 
Plastic and elastopcr fragecnts. 
Itisalignme or poor fitting of parts. 

Deterioration of fluids; a breakdown or 
alteration of fluids by direct chemicel 
reaction; particle surface catalysis; 
heat from friction; fornstion of sludge; 
emulsification with water. 
Increased friction between alidlng surfaces. 
Degradation of perforuance. 
Clogging and blocking of lines. valvea, 

Scoring and abrasion of closely fitted 

Fla-ble contaminants in air being com- 

Large perticlcs In fluida m y  erode lines 

Iapact of fast mving pieces m y  crack or 

Fungus growth. 
Electrical leakage. 

I Increased corrosion. 
Peaetratioa of resilieot uterials. 
Reduction in lubricity. 

Altered flow direction. 

resulators. filters. nozzles, orifices. 

mving surfaces. 

pressed m y  ignite. 

and equipment. 

brekk linea and equiprnt. 

Velva seating interferenca. 

coRR0s1ow: 

Metals which react vith air. 
Any system with reactive chemicals. 
I(.terials susceptible t o  notsture 

Lack of coqatibility of nmterials 

Lealuge of corrosive or reactive sub- 

Exposure to unforeseen environment. 
Damaged protective surfaces. 
Flooding or immersion. 
Condensation of atmospheric 

Electrolyte corrosion (dissimilar 

Stray alactrical currents. 
Vibration and fatigue. 
Salt atmaphere. 

as designed. 

or airborne salts. stanccsi 

ooiacure. 

pCt.1.). 

Material degradation. 
Changes in physical and chemical 

Reduction In strength. 
Sur face roughness. 
Binding of noving surfaces. nuts, and 

Contamination of the System. 
Loss La resiliency of springs. 

properties. 

other parts. 

Ibnopropellants, fuel. or Temperatura of compound raised to Esplosion. 
Nonexploaive exoth8rxnic reaction. point reactlon begins. 
Material degradation. Explosives. Presence of suitable catalyst. 

Organic nmterialm. Shocw. Toxic gas production. 
Epoxy coqounds. Corrosion fraction production. 

Swelling of organic, msterials. 

oridirara. 
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Shock Any "1iVe" * l e C t r i c a l  c i r c u i t .  
Pwar g e n e r a t o r s .  
I ( . tu ra l  electrical s o u r c e s  

Dry p l a s t i c s  and o r w n i c  

Irtteries. 

(L igh tn ing )  

- _ _ _  - _ _  r t e r i a l s  ( s t a t i c  e l e c t r i c i t y ) .  

Tharml 0th .~  a l e c t r o c h e d c a l  r u c t i o n s .  

. 
-..--..-- 

Inadve r t en t  k t int iw . 

I l e c t r a p w t i c  - Radla t ioa  

Contact  w i th  l iw  c i r c u i t  e r roneous  Personnel 
connec t ion .  E l e c t r o c u t i o n  
P s i l u r e  t o  d i s c h a r g e  c a p e c i t i m  C1e.plng 
c i r c u i t .  I n w l u n t a r y  r e e c t i o r t r  

C u t t i n g  th rough  in*Uht iOn .  
Touching part of  short c l r c u i t .  
Shor t  c i r c u i t .  
Lrroaeoue connec t ion .  
F a u l t y  connec to r .  
Ground a t  wrong p o i n t .  

Live vires touching.  
D i r t ,  con tamina t ion  or mois tu re .  

B r u k d w  of d i e l e c t r i c .  
Stray energy due t o  iaducci.ur or 

S t a t i c  e l m c t r i c i t y  discharge.  
L i g h t n i q  s t r i b .  
I n e d a q u ~ f e  e l e c t r i c a l  ineula t ion .  
C l e c t r o s t a t i a  d l s c l u r g e .  
I a u l t y  cormaceor or co-tion. 
Corrosioa. 
D i r t  or other cont.dnatioa. 
&io t u r e .  
-**si- solder. 
Cut vires. I 

1qrop.r v i r i q .  
*rop.r -ti-. 
worn km7uyr. 
Parr a l i w a t  devices .  

c a p a c i t i v e  coupl ing.  

ka t  pins .  

IMdequAtO e k t r i c . 1  p rOtUt iOa .  
O m r l d i r y  of e l r t r i c a l  equip-  

I M d e q w t  k t  d i n r i p r i m .  
sigh resijtance circui t . .  
5p.rLfng and a tcfng .  
Welding or buildup of c o n t a c t s .  
Lack o f  adequate  gramdily. 
t l s c t r o l y t i c  a e t i o n .  
W u p p l i e d  test e q u i p r a t  parar. 
Pboto.rrmitiw r te r ia l s .  
k k  Of "feil-8afe" desiga.  
Lack of " b a c h p "  e q u i p r a t .  
?mr su rges  cswiq c i r c u i t  

Radar equipment operetiom. 

luE1-r d e t o a a t i o a .  

-at. 

b r u b r  s c t i n t i o a .  

C-dC8t iOU equi-t m r A t i - .  

I n t e r f e r e n c e  v i t h  p e r f o r m n c e  _ _ _ _ -  - - - - - - - - - -  
Burnout of e q u i p r n t .  
H a l t i n g  of  s o l d e r e d  c c n n r t i o n s .  
I g n i t i o n  of combus t ib l e s .  
Xncrearad t e . p e r a t u r e r .  
?e r sonne l  bu rns .  
_ _ *  - - - - - - - - - - -  - - -  - - - 

Fir ing  of ordrunca devices .  
Unt i= ly  electrical e q u i p m t  starts. 
Endan#erias of p.rsanal wrkinw rn 

c i r c u i t s  or e q u i p o t .  

I n t e r f a r e n e e  vlth el.ctronic e q u i p n o t  

B o a t i -  of r t a l  parts by iaductioa a d  
opera t  loa. 

odd7 CUrrOmt.. 

w(PUW1oII: 

Inadvertant e c t i v a t l o n  of :  Ordrurre or u n i t i o n s  a y s t e u .  
Any f u e l  system. High explosivea. pressurized containor .  
Uirh presmure e q u i p r n t .  
Cryogenic l iqu id  system. 

Rupture of engines. -tors. or o the r  

Propellant explosiver  o r  com- Illant. 
buat iblc  &asen in conta iners  
o r  confind spaces. 

Overpressures (impulse energy). 
Collapse of nearby conta iners .  
M r g e  t o  s t r u c t u r e s  and e q u i p m t .  
Propagetion of o ther  exploeionr .  

Holing of nearby con ta ine r s  end m h i c l e a .  
Inpact  of pioces a g e i n s t  porronnel e q u i p a n  

Disperalon of burning. ho t ,  c o d u r t i b l e .  01 

Fine dui t r  and powders. 
Coobustible gases  or l i q u i d s .  

In  high concentrat ions.  Iregumatetion. 
In presence of s t rong  oxid izers .  
A t  high te l lpereturaa.  

Act ivr t ion of cracked or otherwise 

Afterburning of confined COP- 

Delayed c d u s t i o n  i n  e f i r i n g  

Cold salting of s o l i d  propel lan ts .  
Overpraraurixation of b o i l e r s ,  

and s t r u c t u r e s .  

corrosiv. r t e t i e l r .  
dc tec t iva  a o l i d  p rope l l an t  motors. 

bur t ion  product.. 

chamber . IaJury t o  personnel. 

Heat (nee heat  end high t e m p r e t u r e ) .  
Dispersion of toxic  mt*rLd*. 

s c c u m l r t o r s  or other  p re s su re  
vease l r .  
Warming closed cryogenic or o t h e r  system 

containing h l&hly  v o l a t i l e  f l u i d .  
Contact betucen v a t e r  or m i r t u r e  with 

water-reni i t ivlr  Pter ia ls  such as 
molten sodium. potasaium'or  l i thium; 
concentrated a c i d s  or a l k d i r ;  or 
r W 1 s r  iubmtencea. 

, 
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1. A l l  n o r r l l y  c h 8 t i b h  
rteri.1.: 
8 .  PU8ls 
(1) Propellants: l i q u i d ,  8 0 l i d ,  
or gel .  

(2) znein8 Use: die801 o i l ,  
gasoline. JP 6 R? fuela. 

(3) Engin8 s t a r t :  ethylene 
oxide,  TU, TED. 
(4) Auxil iary power unit: 
hydrazine. 

(5 )  H s 8 t l l y :  keroeecu, f u e l  
o t l .  

b. S o l v e n t s  and c l e a n i n g  a g a n t 8 .  
c .  L u b r i c a n t s .  
d. Welding gases. 
e. P a i n t s  and v a r n i a h e r .  
f .  Coolants :  mmnonia. 
g. Elastomers (seala and p a a k c t s )  
h. Hydraul ic  f l u i d .  
1. Wovd p r o d u c t s .  

k. C l o t h i n g .  
1. V e g e t a t i o n .  
D. Refuse  and t r a s h .  
n. O t h e r  o r g a n i c  arterials. 

2. N o r n n l l y  lw combust ible  nmter -  
1.18 i n  p r e a e n c e  of a t rong  o x i d i -  
zara or h i g h  temperaturea:  
a. S o l v e n t s  - t r i c h l o r o e t h y l e n e ,  

m t h y l e n e  c h l o r i d e .  
b. L u b r i c a n t s .  
c .  Hydraul ic  f l u i d r .  

in f i n e l y  poudered form: 
a. Aluminum. 
b. kgncaium. 
c. Ti tanium. 
d. I r o n .  

c o o b u a t i o n  of e n g i n e  o p e r a t i o n :  
Carbon w n o x i d e .  

J. P1.8tiC8. 

3. Nornnl ly  nonflalmulble n r t a l a  

4. A f t e r b u r n i n g  of product8 o f  

1. Combu8tible mixture v i t h  
i n i t i 8 t i n g  sources  such 8 s :  
a. Open flame 
(1) Welding processes  8nd f h P c  
c u t t i n g .  

(2) *tCh88, r a k i n g .  
(3) C8s he8ter8 or process equip- 
L n t .  
(4) Engin8 exhAu8t. 

(5) Ne8rby fire.. 

(1) E l e c t r i c a l  
(2) e c h a n i c a l  

b. Spark.. 

(3 )  Chemical - C8rbon 
c .  C a t a l y s t  

a u t o i g n i t i o n  t e m p e r a t u r e  by: 
8. E x t e r n a l  h e a t  s o u r c e s .  

2. Combust ible  m i x t u r e  h e a t e d  t o  

(1) E l e c t r i c  h e a t e r s  or h o t  p l a t e s .  
(2)  Boilers. r 8 d i a t o r s ,  steam 

(3) O p e r a t i n g  e n g i n e s ,  motors or 

(4) Exhaust  s t a c k s  or manifo lds .  

l i n e s  And equipment .  

compressors .  

b. F r i c t i o n .  
c .  Inadequate  d i s s i p a t i o n  of  

chemica l  r e a c t i o n  h e a t  (spon-  
t a n e o u s  i g n i t i o n ) .  
(1) O i l y  r a g s .  
(2) Sawdust, e x c e l s i o r .  
(3) Powdered p l a s t i c s .  

d x t u r e .  

a e n s i t i v i t y  t o  w a t e r .  

d.  Compression of flammable 

e. Hypergol ic  m i x t u r e ,  i n c l u d i n g  

f .  Pyrophor ic  r e a c t i o n  w i t h  a i r .  
g. R a d i a t i o n  from n u c l e a r  d e t o n a t i o n .  

Heat and i t s  e f f e c t s .  
Lo88 of oxygen. 
Productlon of tox ic  gasem 8nd emote. 
Production of cor roa ive  m t c r l a l s .  
Burns t o  personnel .  
Explosions. 
Reader. e q u l p r n t  inopera t ive .  
Destruct ion of m t e r l a l  8nd resources. 
C8rboniz8tion end cont8mln8tion of m c r r i e l .  

High Tel lpera ture  

Any f u e l  consuming procerm. 
Other  exothermic  chemic81 p r o c e a s .  
E l c c t r i c a  1 equipment .  
Solar energy .  
Bio log  i c  a 1 or phy a io logic. 1 
proteases. 

Moving equipment  or p a r t s .  

F i r e  or e x p l o s i o n .  
Other exothermic  r e a c t i o n .  I n i t i a t i o n  of o t h e r  r e a c t i o n n .  
Heat e n g i n e  OperAtiOnS. Mel t ing  of  m e t a l s .  
E l e c t r i c a l  energy  losses. C h a r r i n g  of o r g a n i c  m a t e r i a l s .  
Aerodynamic or o t h e r  v e h i c u l a r  I n c r e 8 s e d  r e a c t i v i t y .  

f r i c t i o n .  Reduced m a t e r i e l  s t r e n g t h .  
F r i c t i o n  between moving parts Reduced equipmcnt  l i f e .  

or v e h i c l e  and s u r r o u n d i n g  medium. D l s t o r t i o n  and warplng of p a r t s .  
Car comoresmion. Exp8nrion of s o l i d s  and l i q u l d s .  
I n a d e q u t e  he8t d i s s i p a t i o n  Increesed ev8por8tiun r a t e  of l i q u i d s .  
Cooling system f8 i lure  Expansion may causr  hlnding or looaenlng 
Welding, 8older ing.  hr8zing, or o f  p a r t s .  

I g n i t i o n  o f  c o m b u s t i b l e s .  

metal c u t t i n g .  Incre8sed gas  d i f f u s i o n .  

aWunts  of he8t ( rad i8 t ion ,  convect ion,  Increesed 8bsolu te  humidity. 
conduct ion) .  Breakdown of chemical compounds. 

Proximity t o  opere t ions  involving l a r g e  Reduced r e l a t i v e  humidity. 

I-rsion i n  hot f l u i d .  Personnel burna. 
L8ck of i n s u l a t i o n .  Reduced personnel 8f  f i c i e n r y  . 
Exposure t o  sun or 8 r t i f i c i . l  l i g h t .  He8t cramps, s t r o k e s ,  8nd exh8uscIon. 
Hot c l imates  or ve8ther .  Peel ing of f i n i s h e s .  b l i s c e r l n g  u f  pa l t i t .  
Human or  anim8l heat output.  
Organic dec8y processes.  lubi i c a n t s .  

Ev8por8tiOn O r  decreased v i s r o s l t y  of 

Ch8nges i n  e l e c t r l c 8 l  r h 8 r a c c e r i s t i c ~ .  
Softening of insu la t i im eIld s e e l n n t s .  
Opening or c l o s i n ~  of P I ( . <  t i 1 r . l  c o - I t a r t s  

due t o  exp8nsion. 
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Any haat ram-1 procaoa. 
R d r i g a r a t l n g  or ccyoganic 

ry8tOm. 
, Colar, high a l t i t u d e ,  or . wintar  condltiono. 

-.-- 
t a q a r a t u r a  

Variationm 

Any oyrtam or part which gain. 
or lo0.r h a t .  

Cold c l i m t a  or m a t h o r .  . 
Endothermic reactiono. 
exposure t o  haat  mink. 
kkchanical cool iq  procaoraa. 
C.0 axpenoion. 
Rapid evaporation. 
Inadsquote h u t  oupply. 
Heat loa. by rad ia t ion .  com- 

Solld p r o p l l a n t  cold omking. 
duction, or convection. 

-in or lorno of haat  due t o  
rad ia t ion ,  cooduction, or 

c o n m  t ion.  
Input of e l o c t r l c a l  energy. 
C.0 exponeion. 
Diurnal hea t ing  and cooling. 
S t o p p i q  and r t a r t i n g  of h u t  
enginer. 

h a o r l n g  of l lqu ida .  
Condenration of D l a t u r a .  
Reducad r u c t i o n  r a t a .  
I r o o t b i t e  or crywaoic burno. 
Raducad vlocdo I cy. 
Incraaaed b r i t t l e n a o r  or r t a l o .  
LOBO of f l e x l b i l l t y  of ormic  r t a r i a h .  
?uel bland s t r a t i f i c a t i o n .  
Contract ion a f f a c t o .  
?ropal lant  CtacklOg. 
h l a y e d  Igni t ion .  and codurtlon i s a t a b i l i t y  

Ic ing  of opera t ing  a q u i p r n t .  
Decreared v locoai ty  of lubricaat.. 
Chngca i n  e l e c t r i c a l  cb . rac ta r imt ic r .  
J d r g  or loooaniry of -via( pacta  dua to  

i n  anginem. 

con ti a c t  ion. 
.---__-_-_---_I_------------------------------ 

Dimcnaion charyao. arpacla11y i n  Wt.10. 
Resaura c h n g a r  i n  c o a f i n d  gaa.0 and 

l1qul.da. 

r t a r l a l o  v i t h  la c o o f f l c i a o t r  of 
I w o o i t i o n  of otraaaao i n  and c r u k l l y  of 

U p A c u i O p .  

Any veraa l  or conductor vhich Crack. cruoad by s t r u c t u r a l  f a i l u r e .  

Porooity or o t h e r  weld d e f e c t .  
Srudequotely f i t t e d  or t igh tened  

? i t t i n g e  looaaned by v i b r a t i o n .  
Corroded - ta la  or r e a h .  I n  a conta iner .  
Worn parto. 
2xca0a1vo f l u i d  prcroure. 
Cut. I n  organic r t e r l a l o  (real.. 

Poorly d c o i g ~ d  connectlona. 
D i r t  or other eolid c o n t a r i n a t l o a .  

t r roneour ly  opanad drain. or 

Overf i l l ing  of conta inera .  

Releare of t o x i c ,  c o r r o o l w .  r a d i # c t i u .  

Lor. of rya too  fluid.. 
Lor. of eyrtem praoaura. 

Contmdnat ion or da8rmdat iw Of m t a r h h  

Short  c i r c u i t i n g  of alctr ical  aqulpmnt. 

contain. or 10 1mra.d  in  a Hole caurcd by impact. 
f h i d .  

f lammble.  or othenr ioa  ructlvm r t a r l a l .  

parto. Loa. of lubr icanto .  

gaaketm, hooer) 

between -ti- rur facer .  

f i t  t lngr. 

Ult  c l i m t a  or weathar. 
W o x l d t y  t o  bodler  of n t e r  
WDiotura producing proceaoar. 
Zmflar of undarsround v a t a r .  
L.rp a m u n t o  of wcet-. 
?wr-l ia u u a e q u t d y  

*.ntilatad obcloourao or 
a q u i p n a t  . 

High atmmpharic b m i d l t y .  
b i n .  onw. hail. ice, or dew. 
rloodlng and i a r m l o n .  
La.L.g.. 
Parmpiration. 
T e q e r a t u r e  deereaoe without  

rtr lfunction of air condi t ion-  

Condenoation on cold  aurfacar.  
Prercnca of h r r i d l f y l n g  aqulp- 

Concoct w i t h  w t e r - a b r o r b a n t  
a t a r i a l i  ruch aa concan- 
t r a t a d  acid. and a l l u l l a .  
a-ium perchlora te .  

remval of molr ture .  

ing e q u i p r n t .  

mmt . 

Corrorion. 
C l a c t r i c a l  r h o r t  c i r c u l t i r y .  
Paraomel  dlocomfort. 
Contadnat loo .  
Leaching of r o l l d  p r o p a l l a o t . l ~ r o d i . o t 0 .  
Clouding of vieuing rur facaa .  
I c i q  of e q u i p l r o t  and a a r o d w c  ourfacao. 
Violent  r u c t l o n o .  *xplo . io~ .  m fir. with 

swlliq of - tar  abaorbwtt rt.rklm. 
n t e r - o e n a l t i v e  r t a r i a l r .  
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OXWTIOW: 

Wissila propmllamt.. Chemical combination involvily 
h l d i n g  oxygen. oxidant. such as:  
Oxygen for  raspiratory pro- %Ben or ozone. 

t ec t ive  aqu ipan t .  
Laboratory chadcs l a .  
Procaas chamicals. Nitrstes, chlorate.. perch- 
C l u n i q  capoundr. l o ra t e s ,  hyperchlor l tes ,  

HAlosens or halogen co.pound8. 
Oxidizing acids  and t h e l r  s a l t s .  

chrormtea. 
Righer valance c q o u n d s  of 

mercury. lead. welenlum. and 
thallium. 

Increased reactivity of  co&umtlblem. . 
Ea. ler  1 st11 t ion. 
Normlly lw flsPuble s u t e r l a l s  a y  burn 

eas i ly .  
t hy  cause violent  or explosive react ions.  
Partner i n  hypergolic react ions 
Corroaion. 

?Or=* explosive gels with some fue l s .  
Deter iorat ion of rubber,  p l a s t i c s .  or other  

Almst a l l  v o l a t i l e  srrong oxidizing agant. 
organic n t e r i a l m .  

but oxygen a r e  toxic .  

nf l raui ic  syst.m. 
h u m t i c  myatem. 
Cryogenic aystem. 
Rassu r t r ad  contalnara 

Underwater vehicles. 
Engine cylinders. 

BOll8r. 

Ov~rpressurizat ion.  
No premaure r e l i e f  or vent. 
Faulty premsure or r e l i e f  valve. 
Heating of f lu ids  with high 

pressures.  
Warping cryogenic l iquid8 i n  a 

closed or iNdtquAtely vented 
*y.tel. 

Iqmc t .  
B l 8 . t .  
Container h i t  by fragments. 
Fai lure  or inproper release of 

INdequata r e s t r a in ing  devicar.  
Rapid submersion. 
Deep mublaraion 
Y t a r  h-r (hydraulic .bock) 

connectors. 

_______________--___---------------. 

Container rnpture.  
Blast .  
?ragmentation. 
Propelling of contalnar.  
Hose whlpping. 

Increemed react ion r a t e .  
Skin penetration. 

Cuttlng e f f ec t s .  
Shock . 
Leaks i n  line. and equlppcnt demlgned 

DimensloN~ changes. 
Actuation force. and opposit ion.  

, Blwlng other  obJects  (eye hazard.). 

Lbng dap.ge. 

for  lower pressure.. 

Vacuum a y s t w .  Coqresaor f a i l u r e .  Unbalanced force.. 
High a l t i t u d e  vehicles.  
Space vehiclaa.  r e l i e f  Inadequate b rea th ing  a i r .  

Increase of a l t i t u d e  without p re s su re  

Inadequate design aga ins t  co l l aps ing  

I n c r u s e  i n  a l t i t u d e  u i thou t  s u i t a b l e  Burst ing of presaurized vewsela. 

Rapid condensation of gas in a cloaed 

D e c r u s e  i n  gas volume by combustion. 
Cooling of ho t  gas  i n  a closed system. 

Co1lap.e of presaure ves se l a .  

Inadequate combuation a i r .  
fo rces  . Leaks. 

r e s p i r a t o r y  equipment. Phymiological damuge ( a t e l e c t a s i s ) .  

sy  e tern. 

._.__.----_-_--_-_----------------------------------------------------------------------------------------------------- 
h p l d  C h q u  

High a l t i t u d a  w b i c l e a .  Rapid erpanaion of 6.8. J o u l e - T h m 8  cool ing.  
Space vehicle.. 
U n d e m t e r  vehiclas.  

High gas  compression. 
Rapid changes of a l t i t u d e .  

Comp r e  s s 1 ve hea t i ng . 
Expl os1 ve dec ompresa ion. 

C o q r e a s i n g  or p u q l n g  equip- Loss of cab in  p re s su r i za t ion  a t  Plly S io log l c a  1 d is turbancea.  
ment. high a l t i t u d e s  or i n  space. cramps, bends. chokes) 

Airfoil.. 
Carburator8. 

MDUTXa: 
n l o n l  

( In f r a red )  

Any heat  producing body or Solar r a d i a t i o n .  
Flames. under Heat).  
Highly heated surface.  Overheating. 

Undesirable heat  ga in  (aee Righ T e q c r a t u r e  
procaas. 

Skin burns. 
Charring of organic  m t e r i a l s .  _--.-----------------------.-------------------------------------------------------------------------.----------------------- 

i ? l e t f a g n e i i c  
Radar equipment. Radar equipmcnt operat ion.  I n i t i a t i o n  of ordnance devices .  
C-nicarlon equipment. Conmunications equipment operat ion.  In t e r f e rence  u i t h  ope ra t ion  of o t h e r  

e l e c t r o n i c  equipment. - -  -.------------------------------------------------------------------------------------------------------------------------- 
Ionizing 

Radioactive a t e r i a l a .  INdequa te  containmcnt o f  r ad ioac t ive  Tissue damge .  
X-ray equipment. m t e r i a l s .  Degradation of mate r i a l  a t r eng th .  
Radar equipprnt. 
C o m n i c a t i o n s  equipmnt .  
N u c  lear vaapona . source.  

Inadequate p ro tec t ion  of equipment. 
E x e a s i v e  exposure t o  ion iz ing  

- - - -  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
U l t r a v i o l e t  

----- 
E l e c t r i c a l  welding proccasea. Sunshine. 
Light  m u r c e a .  Welding arc?). 

Cermic Ida1 lamps. 

Deconrposition of ch lo r lnaced  hydrocarbon. 

Ozone or n i t r o g e n  oxide gene ra t ion .  . 
Vision d a m g e .  
D e t e r i o r a t i o n  of m a t e r i e l .  
Color fading.  

i n t o  tox ic  gases .  



F l u o r l n e  and smter. 
sodium and u a t s r .  

*Nlcric aeld end water. 

Replacerent o f  a rhemica l  r a d i c a l  Exothermic reaction.. 
by a wre a c t i v e  o m .  Explosions. 

Violent spraying of c o r r o s i v a  material. 

Any load c a r q l l y  p a r t  or s o l i d  Sharp corncrs .  e x p r c l a l l y  a t  l i n e  Cracking . 
RCari.1. where two r i g h t  m q l e  p lanes  merr.. Chipping. 

Res tdua l i  caused by m n t ~ f a c t i i r l n g  S t r u c t u r a l  f a l l u r e .  
procerses such an nuchining. Reductions i n  eorro'aion r e s i s t a n c e .  
gr inding,  ex t ruding .  drawing. 

Sur face  t rea tment ,  such as rhot  
peening. c o l d  w r k i n g .  p l a t i n g .  

Assembly s t r e s s e a  caused by s h r i n k  
or press  f i t s ,  to rquing  

Surface  roughening due t o  c o r r o s i o n ,  chcmicr l  
a c t i o n .  abras ion ,  eroaion. 

Notrh s e n s i t i v i t y  due to r c r a t c h e s  
or blows. 

Tenpersture v a r i a t i o n s  on poor con- 
duc tors ,  dur  t o  hea t ing ,  cooling. or 
heat  trcntnlcnt. 

Uelding arc s t n r t  indenta t ions .  
r y c l i c  changes i n  nt resa  f r o m  tens ion  

Wide v r r ia t lons  i n  t r rnprrnturr .  
Chnnge from h i g h  pressure  t o  VICUU~U (or 

t o  compression, 

v i c e  vrrsa) without s u i t a b l e  equal lza t lon .  
-. -_______ - 

m s s  REVERSI(LS: 
_c. 

V l b r a t l n l  or o r e i l l a t i n g  equip- Cyclic changes i n  s t r e s s  from tens ion  S t r u c t u r a l  f a i l u r e .  

Flexlng prne ls .  
Cryoaenlc equipmrnt. 
H 1 ah c aapera t ure equ t p r n t  . (or vice  versn)  with"ist mtl tnhle  
Vacuum squlpmenc. rqur t lc r t ion .  

Reduction fn r o r r o s i o n  r c s l a t a n c c .  
n-Inminations of layered mnteri.1. 

=11ts. t o  compression. 
Wide vnriat iona i n  tempernture. 
Change from high preeeure t o  vncuum 

_-- -- ----. ..---. -__I__- - 

Any parr or piwe of *quip- Iopac t . 
Ilandling and t r a n a p o r t a t  ton datmge. 
B l a s t .  
Pnwdraul ic  a c t u a t e d  devices.  
Acc e I e r s t  ion. 
Elec t roexplos ive  d e t o n n t j  no device.. 
Water hanarr. 
Vibrations caused by heavy equip- 

r n t  . 

mrnt. 

Breakage of cablea ,  ropes.  cha tna .  pin.  
F r a c t u r e  of b r i t t l e  w a r e r i a l a .  
DctonatLm of s e n s i t i v e  explos ives .  
Nortmlly c losed  c o n t a c t s  m y  open. 
Norrrully open c o n t r o l s ,  ' va lves ,  c o n t o c t l  

Parts m y  be d isp laced .  
Hinged p a r t s  m y  open or c l o s e .  
D i s r u p t i o n  of  m t e r i n g  aquipment. 

ouy c l o s e .  

Any part ,  pices  of r q u i p m n t ,  Jufppnct and shock. 
vehIcle .  a c r w t u r s .  conta lner .  Blas t .  
or c o n w c t o r .  Rough handling. 

Object dropprd on hard s u r f r c e .  
Hard object dropped on vulnerable 

Momentum rgalnnt  hard objec t  

Ehving ohfect  h t t t i n g  vulnr rnhl r  p a r t  
Rotnt iiig pert h i t t l n g  fnir1v.n o h i c c t ,  

p a r t .  

(col  11 s ion)  . 

Inrdeqvate drsl Rn r t r e n p t l i .  
Over load it-g. 
Reduction of o t rength  by: 
Corrosion. 
S t r-q * c onc en t  r n  t 1 on.. 

Poor vorkmanshlp 
Cr $ wing  . 

Rending - Dis tor t ion  vhlch prsvanta an 
objec t  from: 
Fulf 111 I ng 1 t b func t $ on. 
F i t t i n g  i n t o  another par r .  
r(Bintr1nlng alignment of p a r t s .  In r o t a t i n s  
equtpment t h i s  MY r e s u l t  i n  d a m g e  t o  
o ther  p a r t s .  v i b r a t l o n .  noise .  or .hock. 

.Cracking - l n i t l a l  f s i l u r r  a t  a s w f n c r  (r? 

Reing removed from rnother  p a r t .  

edRe c rcn t I n$:' 
S t r e s s  concent ra t lons  1erdtnR to mure setIom 

Lrakape of f l u l d s .  
Roush surCace8. 
Region. contaminants m y  a r c u r n l a t e .  
Regions cor ros lon  mry tnke place.  

f a i l u r e 3  such a s  breaklrig or rupture .  

Rrcaklng - S*paratIon of an o b f c c t  by f a i l u r e  

A 3 7  



(cunt)  

Excesmlve c e n t r i f u g a l  force.  l n t d  two or IIUK. p a r t s :  
Overpressurea due t o  l n t e r i u l  or Parr ing  of cahlem, chatnu.  s l l n s d .  

Poorly f i t t e d  or ln rdeqrure ly  ti(lhtened Teerlnm of m t e r i a l s .  

Overtorquing. or pins .  
Loss of s t r e n g t h  due t o  high t e m -  ' ILidt ing or torquing of shaftm. nut*. or 

pera tures .  ha les .  
Expansion and o i s c o r t l o n  of p a r t s  Crushlng or c o l l a p s e  O E  cuncalnerm o r  

due t o  heat ing.  s t r u c !  tires. 
B r i t t l e n e s s  and loss of d u c t i l i t y  dtie Shattering or b r i t t l e  m e t e r i a l s ,  
to cold.  S p l i t t i n g  uway of a por t ion  or extens ion  

Exposure t o  aerodynamic loads. of a body from i t a  main n u b s .  
High a c c e l e r a t i o n s .  Crlmplng - Cucting I n t o  a wire.  cab le .  or 
Chafing of p a r t s  caused by vibraLlon pipe by a sharp otB)ecr.. 

Fatigue due t o  v i b r a t i o n .  Creaces a high r e s l s t a n c e  point  In 
Cut t ing  or punching by shurp pointed r l r c t r l c a l  w l r e s .  

externa l  f l u l d s .  Rupture of pressure  c o n t a i n e r s  or Ilnem. 

p a r t s .  Shearing of nucml or p l a a t i c  part., bolt.. 

or other  motlon. Reduces s t r e n g t h  p r r m l t t l n g  easy brealuge.  

o b j e c t s .  Reduces or blocks t h e  flow of f l u l d .  
Permits lea luge  of f l u i d .  

TOx1CIl-r: 

Any aubmtatue h o s e  presence in Toxic gases .  l i q u i d s ,  or =tal I r r l r n t l o n  of e y e s .  nose, th roat .  or 
r e s p i r a t o r y  palsages.  r e l a t i v e l y  sua11 uuountm ul l l  p a r t i c l e s .  

produce physiological damage Inadequete oxygen present  f o r  Respiratory syetem damage. 
or dleturbance. resp i ra t ion :  Blood system damage. 

Any s l t u a t l o n  where a lack of High a l t i t u d e s .  D a i ~ g ~ r  co body organs.  
b rea th ing  oxygen m y  e x i a t .  Dilu t ion  by inert guses. Skin damage ( d e r m a t i t i s )  

Combustion involving oxygen. Nervuus syacem e f f e c t s  (narcoalm, anes thea la .  
Lack of veut i lac lon  in uccupihd p e r a l y s l s ,  nerve damge) .  

space. Annoyance by foul  odors .  
Inadeqruce r e s p i r a t o r y  prorectlon. Reduction of personnel e f f l c i c n c y  or 

Inadequate personal c l e a n l l n e s s .  Destruction of vege ta t ion .  
Acc idenca 1 1 nges t 1 oil. 
Outgassing of substance a t  low 

Inadequace s k i n  pro tec t ion .  cdp&bl l i t i e s .  

ambient pressures .  
------- 

VIBRATION AND NOISE: 

Atiy type  of mechanical equip- Rota t ing  or reciprocating equipment. Frac ture  of b r i t t l e  m c e r i a l s .  
TrDDSpUrt4ItiOn. L,oosenlng of bo l ted  or o t h e r  threaded part.. 

Engine exhaust. Uuc~wrdina t ion  and t a t t g u e  of peraonnel.  
F l u t t e r  or buzz o f  aerodynudc  sur faces .  P r e s s u r e  uaves. 
Water h a m r  (hydreul l c  shock). In te r fe rence  with conuuiinl c a t  l o n a .  
Vibrating t o o l s .  Dc<i rase  i n  w t a l  cor ros lun  r e s l s t a n c e .  
Ulsalignment of e q u l p w n t ,  luose Metal f a t i g u e  or other  changcm i n  

Worn bearing#. C h s t t e r l n g  of spr ing  type c u n t a c t a .  v e l v e r .  
High v e l o c i t y  f l u i d  h i t t t n g  a s u r -  

face  or o b j e c t  uhlch can v i b r a t e .  
Cavi ta t ion  In pumps aud blowera. 

mcnt or part.. 

mount ings. c r y s t a l l i n e  s t r u c t u r e .  

Poln te r  type devlces  may Kive f a l s e  readlnrcs. 

Any out-of-doors location. Moisture 
Rain 
Clouds 
Fog 

Snow 
H a i l  
Extreme cold 

Extreme heat  
Solar r a d i a t i o n  
High winda 
Inversion 
Airborne s a l t a .  duar ,  d i r t ,  funmi 
Llghtnlng 

High l tuuldl ty  c o d i t  lonn. 
Low humidity condi t ions .  
U l t i a v i o l e t  r a d i a t i o n  e f f e c t s .  
Inf ra red  r a d l a t l o n  e f f r c t a .  
High temperature e t f e c t s .  
Lov temperature e f f e c t s .  
Temperature change e f f e c t s .  
Cor rur  1 on. 
Contsml  n a t  ion. 
Pressure e f f e c t r  on IarKe aurfaccm may 
cause s r r u c t u r a l  overloads.  wvenunt .  or 
toppl  in&. 

condensation. 
Loss of v l r i b i l l t y  due co fog. clouds.  

Impact damage by h u l l .  
Invers ions  m y  r e f l e c t  noise or v t b r a t l o n .  
Invers loni  uay prevent convection of  tox ic  

Elec t r i c a l  mhock, inadver ten t  ac t l v a t  ion ,  
gasem. 

d l s r u p t i o n  of  pouer aymtema. e l e c t r o -  
masnctic e f t e c t s .  
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